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Executive  Summary 


This  report  summarizes  the  development  of  an  improved  Human-System  Interface  (HSI)  for 
space  operators,  and  the  development  of  a  testbed  for  evaluating  this  and  other  new  HSI 
concepts.  This  work  was  performed  under  a  Small  Business  Innovation  Research  (SBIR) 
contract  to  Monterey  Technologies,  Inc.  (MTI).  The  U.S.  Air  Force  Research  Laboratory  at 
Wright-Patterson  AFB,  OH  monitored  the  work.  The  work  was  performed  between  April  2000 
and  April  2002. 

In  order  to  focus  the  HSI  development  effort  on  bottlenecks  a  task  analysis  was  performed  early 
in  the  effort.  The  baseline  HSI  for  this  task  analysis  was  the  COBRA  workstation,  which  is  used 
in  the  U.S.  Air  Force’s  Center  for  Research  Support.  COBRA  was  selected  for  this  analysis  as  it 
is  one  of  the  most  advanced  controller  HSIs  operated  by  the  Air  Force.  The  results  of  this  task 
analysis  showed  that  an  overly  large  proportion  of  the  tasks  performed  by  the  controllers  were 
done  manually  and  that  these  tasks  were  often  related  to  operation  of  the  system.  The  results 
also  showed  that  considerable  time  and  effort  was  spent  obtaining  the  values  of  variables  needed 
by  the  controllers  to  make  the  required  decisions  during  a  support.  Based  on  these  results,  the 
effort  focused  on  improving  the  HSI  by  (a)  shifting  some  of  the  task  load  to  modalities  other  than 
manual  and  (b)  eliminating  unnecessary  control  actions,  and  (c)  providing  information  to  the 
controller  in  ways  that  were  both  readily  usable  and  that  reduced  the  demands  on  the  controller’s 
memory. 

The  HSI  developed  by  MTI  is  multi-modal.  The  controller  may  interact  with  the  system  through 
a  conventional  mouse  and  keyboard  interface,  touch  screens,  or  through  a  voice  I/O  system. 
These  interface  techniques  are  redundant  in  the  sense  that  the  controller  may  use  any  one  of  them 
to  accomplish  a  goal. 

In  addition  to  the  physical  interface,  improved  display  concepts  were  developed  and 
implemented.  The  displays  were  designed  to  allow  a  single  controller  to  perform  a  support.  The 
design  of  the  displays  allows  the  controller  ready  access  to  the  information  needed  to  make 
decisions  required  during  a  support.  For  example,  if  the  support  plan  being  followed  requires  the 
controller  to  evaluate  a  particular  variable  is  within  a  certain  range,  then  that  variable  is 
displayed  in  close  proximity  to  the  step  in  the  plan  that  instructs  the  controller  to  make  the 
comparison.  This  eliminates  the  need  for  the  controller  to  search  for  the  variable  of  immediate 
interest,  and  reduces  the  need  for  the  controller  to  put  the  value  into  short-term  memory  in  order 
to  make  the  comparison. 

Graphical  presentations  of  the  values  of  variables  are  also  available.  These  graphical 
presentations  are  generally  in  the  form  of  dial  gauges.  This  format  allows  presentation  of  the 
variable’s  current  value  as  well  as  presentation  of  warning  and  caution  ranges.  This  format  is 
easily  interpretable  by  the  controller,  and  eliminates  any  need  for  a  controller  to  memorize  and 
recall  the  numeric  values  of  those  limits.  This  reduces  the  controller’s  workload. 
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In  order  to  reduce  the  requirement  for  controller  training,  the  values  of  the  data  are  presented  in 
normalized  format  by  default.  This  allows  controllers  to  simply  know  that  values  near  100%  are 
nominal.  This  means  that  controllers  supporting  a  constellation  of  heterogeneous  satellites  will 
not  have  to  memorize  the  specific  values  of  the  variables.  This  is  similar  to  the  manner  in  which 
thrust  is  displayed  to  pilots  flying  jet  engines.  100%  is  always  maximum  continuous  thrust 
regardless  of  how  many  pounds  of  thrust  are  being  generated.  Pilots  don’t  need,  or  want,  to 
know  the  raw  thrust  value. 

The  second  thrust  of  this  effort  is  the  development  of  a  HSI  testbed.  An  unclassified  simulation 
of  a  Defense  Satellite  Communication  System  (DSCS)  satellite  was  developed.  This  simulation 
includes  four  major  subsystems;  Link  1  communications,  Link  2  communications.  Propulsion, 
and  Electrical.  This  simulation  is  of  sufficient  fidelity  to  allow  investigation  of  the  effects  of 
HSI  concepts  on  human  performance.  This  simulation  does  not  replicate  the  interactions 
between  satellite  components,  and  is,  therefore,  of  low  fidelity. 

An  experimenter  workstation  was  developed  for  the  testbed.  This  workstation  allows  the 
experimenter  to  configure  and  control  the  simulation.  The  experimenter  has  a  variety  of  controls 
available  at  the  workstation.  These  include: 

•  Flow  Control  (i.e.,  start,  stop,  pause,  and  resume  the  simulation) 

•  Data  Collection  (on,  off,  and  name  of  the  data  file) 

•  Data  Collection  Rate  (0.2,  0.5,  1 , 4,  and  10  Hz) 

•  Configuration  Selection 

•  Anomaly  activation  and  removal 

•  Entry  of  event  markers  into  the  digital  data  stream 

•  Entry  of  Annotations 

The  experimenter’s  workstation,  like  the  controller’s  workstation,  allows  tactile  inputs.  This 
allows  the  experimenter  an  alternative  to  the'conventional  mouse  and  keyboard  interface.  In 
practice,  tactile  inputs  appear  to  be  particularly  useful  as  a  means  to  enter  event  markers  and  for 
control  of  the  experiment’s  flow. 
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ADVANCED  INTERFACES  AND  TESTBED  FOR  SPACE 

OPERATOR  CONSOLES 


Background 

Maintaining  the  health  of  satellites  is  a  labor-intensive  task.  In  United  Stated  Air  Force  Satellite 
Operations  Squadrons  (SOPS)  teams  of  controllers  work  together  to  monitor  telemetry  received 
from  the  satellite  and  to  issue  commands  that  the  satellite  executes.  Contacts  with  most  satellites 
are  performed  often  —  in  many  cases  more  than  once  per  day.  The  frequency  with  which  a 
satellite  is  contacted  depends  on  a  variety  of  factors  including  the  type  and  altitude  of  orbit,  the 
position  of  the  satellite  relative  to  the  earth,  sun,  and  moon,  and  the  general  health  of  the  satellite. 
Other  considerations,  such  as  the  need  to  support  warfighting  and  intelligence  gathering  efforts, 
also  impact  the  frequency  that  a  satellite  must  be  contacted.  The  times  that  contacts  can  be  made 
are  determined  by  the  availability  of  a  remote  tracking  station  (RTS)  that  can  “see”  the  satellite. 
Therefore,  SOPS  generally  operate  24  hours  a  day,  7  days  a  week. 

Satellite  controllers,  also  known  as  “space  operators,”  play  a  central  role  in  the  operation  of  the 
satellites.  The  controllers  contact  the  satellite,  monitor  the  data  from  the  satellite  to  identify 
trends  or  anomalies  that  affect  the  current  or  future  operation  of  the  satellite,  and  issue  the 
commands  to  the  satellite.  In  the  SOPS,  multiple  personnel  serve  as  a  control  team  during  a 
satellite  support.  This  redundancy  provides  a-means  to  verify  the  accuracy  and  timing  of 
commands  that  are  issued  to  the  satellite.  One  of  the  main  drawbacks  to  this  approach  is  the  cost 
of  personnel  necessary  to  make  the  contacts.  These  costs  include  the  direct  costs  incurred 
performing  supports,  as  well  as  the  training  and  certification  costs  needed  to  insure  that  all  of  the 
control  personnel  are  certified  to  perform  those  functions.  These  indirect  costs  are  significant, 
and  are  driven  in  part  by  the  need  to  train  the  controllers  to  use  a  poor  Human-System  Interface 
(HSI). 

Voluminous  Amounts  of  Data 

As  satellites  grow  in  complexity  and  as  technology  provides  the  capability  of  offering  more  and 
more  information,  the  limits  of  human  information  processing  can  be  exceeded  with  the 
presentation  of  the  various  temperatures,  pressures,  safety  indicators,  state  vectors,  fuel  supplies, 
battery  power,  and  relay  states.  Indeed,  the  complexity  of  a  spacecraft  -  or  even  a  spacecraft’s 
subsystem  —  is  so  great  that  one  operator  is  typically  unable  to  monitor  all  the  telemetry  points 
simultaneously.  In  some  cases,  more  than  10,000  telemetry  points  are  sent  down.  The  general 
trend  towards  less  manning  only  exacerbates  the  problem.  Accordingly,  the  necessity  for 
well-designed  displays  is  more  important  now  than  ever  before. 

High  Cognitive  Demands 

Understanding  the  cognitively  demanding  nature  of  the  Space  Operator’s  work  emphasizes  the 
importance  of  well-designed  console  displays.  The  Space  Operator  work  is  much  like  that  of  an 
aircraft  pilot.  Their  tasks  are  characterized  by  “complexity,  great  size  (both  physical  and 
conceptual),  the  presence  of  risk  and  high  levels  of  hazard,  both  low  and  high  levels  of  operator 
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workload,  complex  real-time  dynamics,  and  a  need  to  integrate  the  activities  of  many  people. 
There  can  be  very  high  levels  of  automation,  and  very  high  implicit  or  explicit  costs  in  terms  of 
performance  and  safety”  (Moray,  1997).  There  is  however  one  significant  difference.  As  the 
control  room  operator  on  duty  during  the  infamous  Three  Mile  Island  accident,  Edward 
Frederick,  put  it, 

“In  an  airplane,  you  can  look  out  the  window  and  see  where  the  mountains  are, 
you  can  see  whether  you  ’re  over  water  or  land,  you  can  feel  the  attitude  of  the 
plane,  you  can  hear  noises  front  the  engines,  that  sort  of  thing.  In  a  control  room, 
the  environment  is  quite  opaque,  you  can  7  see  through  it.  All  you  have  is  the 
instruments.  You  can  7  hear  the  noises,  you  can  7  hear  the  engines  running,  you 
can  ’tfeel  it  moving.  You  have  to  rely  on  the  instrumentation  to  show  it  to  you.  So 
the  extent  to  which  we  rely  on  instrumentation  is  probably  many  times  greater 
than  an  airline  pilot  or  a  train  engineer.  ”  (Edward  Frederick  as  quoted  in 
Maddux  and  Muto,  1999). 

The  significant  cognitive  demand  created  by  having  all  relevant  information  presented  solely  on 
instruments  becomes  clear  when  one  relates  it  to  the  characteristics  of  human  decision  making 
behavior.  The  most  advanced  and  accepted  model  of  human  decision  making  contains  three 
levels  of  behavior  (Rasmussen,  1980).  Rasmussen  calls  these  levels  skill-based,  rule-based,  and 
knowledge-based. 

Skill  based  behaviors  occur  when  a  sensory  input  triggers  a  subconsciously  generated  response. 
An  example  of  a  ”...  skill-based  behavior  occurs  when  an  aircraft  banks  left  and  the  pilot’s 
response  is  to  immediately  bank  the  aircraft  to  the  right  to  achieve  a  wings  level  attitude  (Reising 
and  Aretz,  1 987). 

“Rule-based  behavior  occurs  when  a  signal  or  series  of  signals  is  recognized  in  memory  as- 
applying  to  a  specific  set  of  rules.”  (Reising  and  Aretz,  1987).  An  example  of  rule-based 
behavior  occurs  when  an  emergency  indicator  appears  on  the  display  and  the  operator  carries  out 
the  emergency  procedure  rules. 

Knowledge-based  behavior  is  defined  as  an  action  that  is  applied  to  situations  where  no  prior  set 
of  rules  exists,  but  must  be  created.  In  knowledge-based  behavior,  the  various  sensory  inputs 
first  have  to  be  synthesized  in  order  to  formulate  new  rules.  One  the  problem  is  formulated  in 
this  manner,  “. . .  the  human  resorts  to  rule-based  behavior  and  applies  the  appropriate  actions 
indicated  by  the  rules”  (Reising  and  Aretz,  1987).  An  aviation  example  of  this  type  of  behavior 
is  a  ”...  pilot  becoming  aware  on  an  unexpected  threat  to  his  aircraft,  such  as  a  surface-to-air 
missile  site.  The  first  thing  the  pilot  has  to  do  is  to  formulate  the  problem  by  gathering  data  from 
his  displays”  (Reising  and  Aretz,  1987).  In  this  example,  the  problem  formulation  or 
synthesizing  process  involves  ”...  assessing  the  lethal  potential  of  the  threat  site  and  determining 
the  appropriate  tactical  strategy  (avoid  or  destroy  the  threat)  to  handle  the  situation.  Once  the 
problem  is  formulated,  it  can  be  solved  by  applying  the  appropriate  rules”  (Reising  and  Aretz, 
1987). 
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Skill-based  behaviors  are  the  easiest.  Satellite  operator’s  work  is  in  the  realm  of  rule-based  and 
knowledge-based  behavior  rather  than  skill-based.  In  addition,  most  problem  solving 
situations  require  the  formulation  of  new  rules.  Unfortunately,  humans  are  poor  at  processing 
data  from  several  sources  and  making  decisions”  (Reising  and  Aretz,  1987).  In  fact,  human  & 
decision  making  behavior  is  best  in  situations  containing  moderate  levels  of  complexity. 
Therefore,  the  ideal  human-system  interface  (HSI)  would  allow  the  operator  to  work  in  a 
rule-based  behavior  environment  as  much  as  possible.  :If  data  are  preprocessed  and  presented 
properly,  rule-based  behavior  can  be  applied  to  a  knowledge-based  problem  -  but  the  key  is  that 
the  information  presented  must  aid  in  problem  formulation”  (Reising  and  Aretz,  1987).  The 
benefits  of  a  well-designed  display  can  be  realized  in  the  problem  formulation  process.  With  no 
direct  sensory  input  available  to  the  controllers  and  with  so  much  knowledge-based  decision 
making  required,  the  benefits  to  be  gained  by  “properly”  presenting  the  information  are 
significant. 


Antiquated  Displays 

The  displays  used  in  most  satellite  operations  squadrons  are  outdated.  For  example,  the  displays 
used  by  the  operators  in  the  50th  Space  Wing  were  designed  in  the  1970s  and  installed  in  the 
1980s.  Figure  1  is  an  example  of  one  screen  used  in  the  50th  Space  Wing.  In  a  survey  of  the 
operators  performed  during  Phase  1  of  this  program,  the  displays  and  equipment  were  described 
as  “archaic  ”  “severely  outdated,”  “antiquated  ”  and  “obsolete”.  It  is  unreasonable  to  expect 
maximum  effectiveness  from  operators  using  this  level  of  technology. 
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Figure  1.  Example  of  a  telemetry  screen. 


3 


Monterey  Technologies.  Inc. 


Finn!  Report  Contract  No.  F33615-00-C-6006 


Advanced  Interfaces  for  Satellite  Operations 


Clearly,  the  information  formatting  in  the  example  above  is  not  conducive  to  situational 
awareness.  In  addition  to  the  lack  of  color  coding  and  graphics,  there  is  virtually  no  forethought 
into  the  presentation  and  organization  of  the  data.  And  of  course,  there  is  no  utilization  of  any 
modem  technological  console  advancements.  The  display  is  presented  much  like  a  phone  book  - 
only  without  alphabetic  organization. 

The  current  operator  consoles  not  only  lack  near-future  technologies,  but  also  current 
technologies  -  now  available  as  commercial  off-the-shelf  (COTS)  prducts.  Achieving  maximum 
benefits  from  incorporating  near-future  technologies  requires  that  these  advanced  technologies 
be  incorporated  into  a  relatively  modern  platform  -  not  a  20  year  old  system. 

There  are  several  on-going  satellite  control  center  modernization  programs  aimed  at  decreasing 
staffing  requirements,  lowering  training  costs,  reducing  support  costs,  and  improving  operator 
performance.  Most  of  the  current  modernization  programs  are  aimed  at  making  better  use  of 
today’s  technologies,  including  currently  available  human-system  interface  (HSI)  technologies 
such  as  Windows  and  web-bases  graphical  user  interfaces  (GUI).  While  well  designed  GUIs 
will  result  in  worthwhile  improvements  in  the  near-term,  new  performance-aiding  technologies 
will  be  required  to  meet  the  increasing  demands  related  to  future  constellations  of  satellites  and 
reducing  staffing  levels. 

Space  operators  are  not  realizing  any  of  the  benefits  from  new  HSI  technologies  such  as 
multi-sensory  displays,  multi-modal  controls  including  natural  language  input,  intelligent 
decision  aids,  and  immersive  interfaces.  Research  on  these  technologies  in  Unmanned 
Autonomous  Vehicles  (UAV),  shipboard  watch  stations,  and  futire  command  posts  has 
demonstrated  that  they  can  significantly  reduce  manning,  training,  and  support  costs  while 
simultaneously  improving  operational  performance.  Brief  descriptions  of  some  of  these 
technologies  and  their  benefits  follow: 

•  Multi-sensory  display  of  information  enhances  operator  situation  awareness  and 
performance  by  reducing  visual  workload,  augmenting  limited  visual  display  area,  and 
enhancing  system  alerting  and  operator  guidance.  The  use  of  synthetic  spatially  oriented 
3D  audio  to  provide  multiple  auditory  sources  and  directional  alerts  could  prove  effective 
in  alerting  and  directing  the  attention  of  space  console  operators  to  off-screen  events. 

•  Multi-modal  controls  improve  operator  performance,  reduce  training  time,  and  reduce 
operator  cognitive  workload.  In  particular,  spoken  language  interfaces,  combining  new 
speech  recognition  and  natural  language  interface  technologies,  are  beginning  to  be 
deployed  to  enhance  operator  performance  and  reduce  training  in  a  variety  of  commercial 
and  military  operational  settings  (including  command  and  control  centers  very  similar  to 
space  command  centers). 

•  Intelligent  decision  aids  improve  operator  performance  by  reducing  the  need  to  cull 
through  large  amounts  of  data  to  extract  information  to  achieve  understanding,  enhance 
the  quality  of  operator  decisions,  reduce  the  effects  of  stress,  and  reduce  the  need  for 
support  personnel  thus  facilitating  reduced  staffing/ 
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None  of  these  technologies  are  currently  being  used  by  the  50th  space  wing  operators. 
Consequently,  none  of  the  corresponding  benefits  are  being  realized. 

Program  Goals 

This  Small  Business  Innovation  Research  (SBIR)  program  (not  to  be  confused  with  the  Space 
Based  Infrared  System  program  which  has  a  similar  acronym)  is  aimed  at  addressing  the  HSI 
issue  in  the  satellite  control  environment.  The  two  major  goals  of  this  program  are: 

1 .  Develop  an  improved  HSI  for  use  by  satellite  controllers 

2.  Develop  a  testbed  in  which  HSI  concepts  can  be  evaluated. 

Both  of  these  goals  have  been  accomplished.  The  improved  HSI  has  been  built  into  the  testbed. 

Existing  Controller  Workstations 
Satellite  Operations  Squadrons. 

The  controller  workstations  in  the  SOPS  are  legacy  systems.  The  HSI  typically  consists  of  a 
display,  a  keyboard,  and  possibly  a  mouse.  The  data  from  the  satellite  (i.e.,  the  measurands)  are 
presented  in  alphanumeric  format.  With  the  exception  of  rudimentary  color-coding  of  the 
alphanumeries,  display  techniques  designed  to  enhance  the  controller’s  ability  to  perform  the 
tasks  required  during  nominal  and  off-nominal  supports  are  not  generally  available. 

The  data  from  the  satellite  are  checked  and  monitored  by  the  controllers  during  a  support. 
Controllers  are  expected  to  be  able  to  detect  anomalies  and  identify  trends  in  the  data  based  on 
their  examination  of  these  data.  Identification  of  trends  allows  the  controller  to  anticipate  the 
future  state  of  the  satellite  and  to  determine  the  proper  action  to  perform.  Knowledge  of  trends 
also  allows  the  controllers  to  perform  defensive  actions  to  counter  attacks.  The  data  are 
presented  as  alphanumeries  that  can  change  at  a  rate  of  2  Hz.  In  order  to  detect  trends,  the 
controller  must  build  a  mental  model  of  the  pattern  of  changes  for  a  particular  variable  over  the 
course  of  the  support,  or  over  supports  performed  over  days  or  weeks  for  trends  with  extended 
time  courses.  The  data  presentation  formats  do  not  support  controller  performance  of  these  tasks 
as  well  as  other  display  formats  might  which  put  the  data  into  a  context  that  reduces  the  memory 
load  placed  on  the  controller. 

The  SOPS  rely  heavily  on  paper  products  coupled  with  the  knowledge  of  the  personnel  on  the 
controller  team  to  determine  the  correct  commands  to  enter  in  during  a  support.  A  significant 
part  of  the  control  task  is  verification  of  the  commands  entered  at  the  workstations.  This  is 
necessary  because  the  consequences  of  sending  an  incorrect  command  can,  in  the  worst  cases, 
cause  the  satellite  to  be  lost. 

CERES 

The  Center  For  Research  Support  (CERES),  located  at  Shriever  AFB,  Colorado,  has  developed 
and  is  using  a  different  approach  to  performing  satellite  supports  than  those  used  by  the  SOPs. 

At  CERES  a  single  controller  performs  a  support.  The  commands  that  are  issued  during  a 
support  are  contained  “pass  plans.”  These  pass  plans  are  prepared  prior  to  a  support  and  contain 
the  commands  that  will  be  up-linked  to  the  satellite.  This  approach  allows  the  commands  to  be 
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prepared  and  checked  for  accuracy  (e.g.,  this  eliminates  the  possibility  of  an  entry  error)  and 
sequence  before  the  satellite  is  contacted.  Pass  plans  that  perform  different  functions  are  usually 
performed  in  a  predetermined  order  during  a  support.  This  sequence  is  defined  in  the  Program 
Action  Plan  (PAP)  for  that  support.  The  PAP  is  usually  developed  by  the  satellite  engineer  and 
executed  by  a  controller. 

Pass  plans  that  are  not  contained  in  the  PAP  for  that  support  are  also  available  for  the  controller 
to  use.  A  pass  plan  to  perform  an  action  that  the  controller  deems  necessary  based  on  inspection 
of  the  satellite  data  can  be  brought  up  from  a  library  of  pass  plans.  For  example,  if  the  controller 
noted  that  a  pressure  was  nearing  a  lower  limit,  then  the  pass  plan  for  pumping  up  that  pressure 
would  be  called  up  and  executed,  even  though  that  aspect  of  the  support  was  not  contained  in  the 
PAP.  In  some  cases,  controllers  are  required  to  get  approval  from  the  cognizant  satellite 
engineer,  or  even  to  have  the  satellite  engineer  present  at  the  workstation,  in  order  to  perform 
some  pass  plans  or  steps  within  those  pass  plans. 

The  HSI  at  CERES  is  the  Commercial  Off-The-Shelf  (COTS)  Based  Real  Time  Architecture 
(COBRA).  COBRA  is  a  major  step  forward  from  the  workstations  used  in  the  SOPS.  However, 
jt  is  not  without  shortcomings  that  adversely  effect  the  controller’s  ability  to  perform  a  support. 
Like  the  controller  workstations  in  the  SOPS,  the  workstation  in  CERES  is  a  keyboard  and 
mouse  HSI.  Similarly,  the  data  down  linked  from  the  satellite  is  not  presented  in  a  way  that 
supports  controllers.  The  data  is  poorly  organized  and  presented  in  alphanumeric  format  with 
mnemonics  (cryptic  field  descriptions)  and  “raw”  data  values.  Furthermore,  the  data  is  located 
on  a  separate  display  from  the  pass  plan.  This  setup  requires  the  controller  to  use  a  separate  mice 
and  keyboards  for  interacting  with  each  of  the  data  and  pass  plan  displays. 

While  CERES  has  advanced  the  state  of  the  art  in  satellite  support  techniques,  the  presentation  of 
raw  measurands  is  not  an  improvement  over  the  presentations  of  similar  data  in  the  SOPS.  The 
measurands  are  still  presented  in  a  “phone  book”  format.  In  the  COBRA  interface,  there  is  a 
provision  for  color  coding  of  the  data,  but  color  coding  is  not  used  consistently  so  its  value  to  the 
controllers  is  compromised.  Because  of  the  inconsistency,  the  controllers  have  learned  to  ignore 
the  color  coding,  which  defeats  the  purpose.  Controllers  in  CERES  also  examine  screens  of 
alphanumeric  data. 

Future  Concepts  of  Operation 

Alternative  Concept  of  Operations 

Outside  of  the  Air  Force,  there  is  a  trend  towards  unattended  or  autonomous  operations.  NASA 
and  the  University  of  California  operated  the  Ultraviolet  Explorer  using  this  concept  to  reduce 
the  manpower  costs  associated  with  supports.  Human  intervention  was  required  only  when 
unanticipated  events  that  the  satellite  was  unable  to  resolve.  We  anticipate  that  this  type  of 
operation  will  become  more  common  with  military  satellites.  However,  because  military 
satellites  are  often  re-tasked  and  because  they  are  subject  to  attack*  human  interaction  with  these  | 
satellites  is  likely  to  remain  a  requirement. 
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Increased  use  of  unattended  operations  is  likely  to  replace  routine  state  of  health  assessment 
supports  at  some  point  in  the  future.  The  satellite  will  then  alert  the  control  facility  when  there  is 
an  unresolved  problem.  This  approach  will  reduce  the  life  cycle  costs  of  supporting  satellites. 

The  unattended  operations  concept  brings  in  a  number  of  potential  problems.  Two  examples  of 
these  problems  are: 

•  Controller  lack  of  familiarity  with  the  satellite 

•  Controller  lack  of  familiarity  with  the  workstation 

Satellite  Familiarity.  The  problem  that  first  comes  to  mind  is  the  lack  of  familiarity  that  the 
controller  is  likely  to  have  with  the  satellite.  In  the  case  of  unattended  operations,  a  controller 
will  perform  a  support  when  the  satellite  has  detected  and  reported  a  problem  it  cannot  resolve 
without  human  intervention.  In  essence,  the  satellite  will  “phone  home”  when  there  is  a 
problem.  In  this  case,  the  controllers  will  not  have  the  familiarity  with  the  expected  values  of  the 
measurands  for  that  satellite  that  they  would  if  supports  were  performed  frequently.  This  will  be 
compounded  by  the  likelihood  that  the  controller  will  be  supporting  multiple,  possibly 
heterogeneous,  satellites  simultaneously.  This  opens  the  door  to  the  possibility  of  negative 
transfer  between  the  satellites.  As  an  example,  the  controller  could  easily  confuse  the  end  points 
of  the  nominal  range  of  a  variable  on  one  satellite  with  those  of  another  satellite  (“Was  that  limit 
23.2  volts  or  22.3  volts?”)  possibly  with  a  disastrous  effect. 

The  second,  related  problem  is  that  the  controller  will  not  observe  the  satellite  over  an  extended 
period  of  time.  This  will  reduce  the  controller’s  knowledge  of  the  factors  that  have  lead  to  the 
anomalous  condition  and  reduce  the  controller’s  ability  to  predict  the  results  of  their  actions. 
(This  is  now  often  considered  as  part  of  the  construct  known  as  situation  awareness  [SA]).  For 
example,  the  controller  will  not  know  if  the  observed  problems  have  occurred  gradually  or 
abruptly.  One  can  imagine  any  number  of  scenarios  where  the  actions  performed  by  a  controller 
would  differ  depending  on  the  type  of  onset  for  a  particular  problem. 

Workstation  Familiarity,  Since  controllers  will  not  likely  be  performing  supports  as  often  as 
they  do  now,  it  is  easy  to  predict  that  controllers  will  not  be  as  effective  or  efficient  using  their 
workstation(s)  as  they  are  now.  One  solution  might  be  to  have  the  controllers  perform  simulated 
routine  supports  in  order  to  maintain  their  proficiency.  This  has  the  obvious  drawback  of 
requiring  all  the  work  and  costs  associated  with  performing  those  supports,  as  well  as  requiring 
simulations  of  the  satellite  and  all  of  the  systems  the  controller  uses  to  perform  a  support.  It  isn’t 
difficult  to  judge  this  approach  to  be  a  “non-starter.” 

This  isn’t  to  say  that  training  and  simulation  won’t  have  a  place  in  the  future.  The  point  we  are 
making  is  that  the  routine  supports  now  allow  the  controller  to  observe  the  satellite  over  an 
extended  period,  and  to  maintain  a  high  degree  of  familiarity  with  the  capabilities  of  the 
workstation.  That  is,  each  support  provides  the  controller  a  small  amount  of  recurring,  hands-on 
training.  In  the  event  that  routine  supports  are  not  performed  manually,  then  this  training  will 
not  be  available  and  the  readiness  of  the  operators  will  decline  unless  other  measures  are  taken. 
These  other  measures  may  include  scenario  based  training  focusing  on  controller  responses  to 
anticipated  conditions  outside  the  capability  of  the  autonomous  system.  Controllers  would  also 
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use  scenario  based  training  to  prepare  to  counter  attacks  mounted  against  one  or  more  satellites 
in  the  constellation. 

A  better  approach  is  to  design  a  workstation  HSI  that  allows  the  controller  to  interact  with  the 
satellite  in  a  natural,  intuitive  manner.  That  is  not  to  say  that  the  knowledge  of  the  controllers 
about  the  satellites  can  be  lowered.  When  the  satellite  “phones  home”  for  help  with  a  condition 
it  cannot  resolve  autonomously  it  means  that  a  person  very  knowledgeable  about  the  satellite  is 
needed.  Otherwise  the  system  would  have  taken  care  of  the  problem  using  its  on-board 
knowledge  and  capabilities.  Instead,  it  means  that  the  knowledge  that  the  controllers  will  need 
about  the  workstation  and  its  ancillary  equipment  would  be  lowered  so  that  the  controller,  or 
satellite  engineer,  can  focus  on  the  solving  the  satellite’s  problems. 

At  best,  reduced  familiarity  with  the  workstation  or  with  the  satellite  would  mean  that  supports 
will  be  longer,  thereby  tying  up  capacity  of  the  AFSCN  assets.  At  worst,  it  would  mean  that  the 
controller  may  not  be  able  to  identify  a  problem,  determine  the  remedial  action  to  be  taken,  and 
to  initiate  those  actions  in  time  to  save  the  satellite. 

Controller  Task  Analysis 

In  order  to  identify  areas  where  the  current  HSI  impedes  controllers,  a  task  analysis  was 
performed.  The  results  of  this  effort  were  used  as  inputs  to  the  design  of  the  improved  operator 
workstation.  Specifically,  we  attempted  to  develop  and  incorporate  solutions  to  the  bottlenecks 
identified  as  part  of  the  task  analysis.  The  following  are  highlights  of  that  report.  The  entire 
report  containing  more  detailed  discussions  of  the  methods,  results,  and  recommendations  is 
contained  in  Appendix  1 . 

Methodology. 

Experienced  satellite  controllers  from  CERES  performed  ten  scenarios  using  the  COBRA 
workstation.  The  screens  viewed  by  the  controllers  during  each  scenario  were  videotaped  for 
later  analysis.  A  verbal  protocol  was  used.  In  this  protocol,  the  controller  describes  aloud  what 
they  are  doing  and  why.  The  analyst  was  able  to  make  inquires  during  the  process  in  order  to 
obtain  clarification.  This  approach  allows  the  research  team  to  catalog  the  actions  performed  by 
controllers.  The  information  sought  by  the  controller  (i.e.,  the  data  that  they  are  interested  in  at 
that  point  in  the  scenario)  is  also  captured  using  this  process. 

Because  the  controller  is  verbalizing  the  action  being  performed,  the  time  data  that  one  could 
extract  from  scenarios  using  the  verbal  protocol  is  unreliable.  If  the  controller  has  a  lot  to  say,  or 
if  the  analyst  has  questions,  then  the  time  course  of  the  scenario  will  be  delayed.  In  this  case,  the 
lack  of  time  data  was  considered  to  be  acceptable  because  (a)  the  insights  gained  from  the 
controller’s  verbalizations  were  expected  to  be  very  useful  in  the  development  of  our 
understanding  of  the  tasks  and  (b)  the  available  simulation  at  CERES  was  known  to  be 
incomplete  in  some  aspects.  This  lack  of  completeness  was  expected  to  make  it  impossible  to 
perform  some  of  the  tasks  in  the  scenarios  at  the  same  tempo  as  they  would  be  performing  a 
support  for  an  actual  satellite.  In  order  to  address  this  shortcoming  in  the  data  obtained  in  the 
task  analysis,  an  experienced  researcher  provided  time  estimates  for  many  of  the  tasks.  These 
time  estimates  should  be  considered  ordinal  data,  rather  than  as  interval  data. 
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Results  and  Recommendations. 

A  total  of  921  individual  tasks  performed  by  the  controllers  were  identified.  The  modality  or 
modalities  used  by  the  controller  to  perform  each  task  were  identified.  Figure  2  shows  the 
proportion  of  tasks  in  which  each  modality  was  employed. 


Percentage  of  Tasks  Using  Each  Modality 


TALK  LISTEN  MANUAL  VISUAL  COGNITIVE 

/  DECISION 


-  -  Off-Line 


— •—  Pre-pass 
— 4 — Pass 


Post-pass 


Modality 


Figure  2.  Proportion  of  tasks  in  which  the  controller  talked,  listened,  performed  a  manual 
task,  performed  a  visual  task,  or  performed  a  cognitive/decision-making  task. 


“Manual”  And  “Visual”  Modality  Loadings.  Examination  of  this  figure  shows  that  the  “manual” 
and  visual  modalities  are  most  heavily  loaded.  Looking  at  the  tasks  themselves  it  is  apparent 
that  this  heavy  loading  is  due  to  the  controller  interacting  with  the  system  via  the  mouse,  which 
requires  involvement  of  both  the  “visual”  and  “manual”  modalities.  Further  inspection  shows 
that  many  of  the  mouse  actions  are  due  to  a  requirement  to  click  three  or  even  four  times  to 
execute  a  step  in  the  pass  plan. 

The  load  on  the  “visual”  modality  is  compounded  by  the  requirement  that  the  controller  visually 
search  for  and  read  the  data  value  of  interest. 

This  figure  also  shows  that  during  and  after  the  pass  the  talk  and  listen  modalities  are  essentially 
unused.  This  suggests  designing  an  HSI  that  allows  the  controller  to  use  these  modalities  to 
command  the  system  and  to  obtain  information  from  the  system. 

Two  methods  of  reducing  the  controller’s  manual  load  are  rather  obvious.  First,  eliminate  the 
requirement  for  multiple  mouse  clicks.  Most  commands  should  be  executed  with  a  single  click. 
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Multiple  clicks  should  be  required  only  when  the  intent  to  execute  a  command  must  be  verified. 
In  these  cases,  the  design  should  not  allow  the  controller  to  “mindlessly”  double  click.  Here 
some  other  action  should  be  required,  such  as  repositioning  the  mouse  on  a  specific  button  before 
the  second  click  can  cause  an  action  to  occur. 

The  second  approach  to  reducing  the  dependence  on  the  manual  modality  is  to  provide  the 
controller  another  means  to  issue  commands.  In  light  of  the  under-utilization  of  the  voice 
modality,  a  voice  interface  for  commanding  the  system  and  for  receiving  information  from  the 
system  is  an  obvious  candidate. 

The  design  of  the  COBRA  workstation  requires  the  controller  to  use  two  mice  and  two 
keyboards  during  a  support.  The  mouse  and  keyboard  on  the  left  are  used  in  conjunction  with 
the  left  display,  and  the  righi  ones  with  the  right  display.  The  ease  of  use  of  the  workstation 
would  be  improved  by  allowing  a  single  set  of  control  devices  to  interact  with  all  of  the  display 
surfaces. 

Facilitate  Comparisons.  A  large  number  of  tasks  require  the  controllers  to  compare  an  observed 
value  with  an  expected  or  allowable  range.  Often  the  observed  value  and  the  range  information 
are  physically  separated,  possibly  on  separate  displays.  Thus  the  controller  must  place  either  the 
current  value  or  the  range  information  into  short-term  memory  (or,  perhaps  to  recall  the  range 
information  from  long-term  memory)  before  comparing  the  values.  Placing  the  values  in 
proximity  would  lessen  the  time  required  to  scan  for  the  needed  information  and,  more 
importantly,  reduce  the  load  on  the  controller’s  memory  thereby  reducing  the  probability  of  an 
error.  Simply  placing  the  current  value  in  the  pass  plan  adjacent  to  the  step  that  instructs  the 
controller  to  make  a  comparison  would  improve  this  aspect  of  the  HSI. 

Along  these  same  lines,  the  HSI  would  be  improved  if  the  controller  was  able  to  determine 
whether  or  not  a  variable  is  within  tolerance  without  requiring  any  mental  comparisons.  One 
HSI  approach  that  addresses  this  issue  is  to  present  a  graphical  indication  of  the  variable  and  the 
allowable  range  of  values.  Dial  gauges  in  which  the  thickness  and  color  of  the  fixed  scale  are 
used  to  show  the  nominal,  warning,  and  caution  ranges  is  one  such  approach.  Other  graphical 
formats  may  also  be  used  with  good  effect. 

Design  of  Controller  HSI 

Displays 


Pass  Plans.  Pass  plan  displays  were  developed  based  on  those  in  use  at  CERES.  These  were 
changed  in  several  ways  to  overcome  the  problems  identified  from  the  results  of  the  task 
analysis.  These  modifications  include: 

•  Locating  data  needed  by  the  controller  in  order  to  make  decisions  in  the  pass  plan  adjacent  to 
the  steps  that  require  that  information,  rather  than  having  the  data  embedded  with  other  data 
on  a  separate  display.  This  eliminates  the  need  for  the  controller  to  search  for  the  data  and 
makes  it  easier  to  compare  the  value  with  the  range  called  out  in  the  pass  plan. 

•  Reducing  the  number  of  mouse  clicks  required  to  execute  the  steps  in  the  pass  plan.  In  order 
to  execute  each  step  in  the  pass  plan  at  CERES,  controllers  are  required  to  click  the  button  on 
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the  mouse  three,  and  sometimes  four  times  per  step.  This  is  a  legacy  of  the  “bad  old  days” 
when  the  controllers  were  expected  to  re-check  their  typing  of  the  command  before  sending 
the  command  to  the  satellite.  As  the  pass  plans  contain  commands  whose  accuracy  has  been 
verified,  there  is  no  need  to  verify  the  intent  to  send  the  command. 

Subsystem  Diagrams.  Subsystem  diagrams  have  been  implemented  for  the  Link  1,  Link  2,  and 
Electrical  subsystems.  These  diagrams  are  based  on  a  concept  developed  by  Mr.  Chad  Oster  of 
CERES.  These  diagrams  give  the  controller  a  schematic  view  of  each  subsystem.  These 
schematics  show  the  flows  through  the  system,  the  states  of  the  discrete  variables,  and  the  values 
of  the  continuous  data  being  received  from  the  satellite.  Figure  3  is  an  example  of  one  such 
diagram. 


Figure  3.  Link  1  Communications  Subsystem  Diagram. 


One  advantage  of  this  display  format  is  that  the  controller  is  able  to  see  the  entire  subsystem  as  a 
whole.  This  allows  the  controller  to  visualize  the  interrelationships  between  components  and 
better  anticipate  the  effects  of  control  inputs. 


Use  of  a  subsystem  diagram  opens  up  new  uses  for  a  touch  interface.  Here,  the  controller  can 
press  on  a  button  to  change  the  state  of  the  variable.  For  example,  in  Figure  2  the  A-side  Coder- 
A  is  OFF  as  seen  in  the  upper  left  quarter,  in  the  column  labeled  “Dual  Error  Coder.”  This  HSI 
allows  thecontroller  to  press  on  this  button  to  turn  the  device  ON.  This  would  be  represented  bv 
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the  button  appearing  to  be  depressed,  and  the  text  inside  the  button  changing  to  reflect  the  ON 
state.  In  the  event  that  the  switch  was  unable  to  move  to  the  ON  position  aboard  the  satellite, 
then  the  controller  would  see  the  button  depress  momentarily  and  then  return  to  the  OFF 
position.  (Changing  a  switch  position  might  be  impossible  for  a  variety  of  reasons.  For 
example,  the  switch  or  its  actuator  might  be  physically  damaged.)  The  momentary  change  of 
state  provides  the  controller  an  indication  that  the  HSI  accepted  and  attempted  to  execute  the 
command.  The  return  of  the  button  to  its  original  position  shows  the  controller  that  (a)  the 
satellite  was  unable  to  perform  the  request  and  (b)  the  actual  state  of  the  satellite.  This 
information  is  needed  in  order  for  the  controller  to  develop  a  plan  to  accomplish  the  objective  of 
that  support. 

Continuous  Monitoring  of  Data.  An  indication  is  presented  if  there  are  any  warnings  or  cautions. 
There  is  a  positive  indication  if  all  is  well.  This  allows  the  controller  to  examine  a  single 
location  on  the  workstation  to  determine  the  current  status  of  the  satellite.  If  all  is  well,  a  green 
circle  is  displayed.  If  there  are  one  or  more  warnings,  a  yellow  square  is  displayed  and  the  green 
circle  is  removed.  If  there  are  one  or  more  cautions,  then  a  red  triangle  is  displayed  and  the 
green  circle  is  removed  from  the  display.  The  warning  and  caution  indicators  are  displayed  near, 
but  not  at  the  same  exact  position  as  would  be  the  green  circle.  This  provides  redundant  shape, 
color,  and  position  coding  for  this  information. 

Voice  Synthesis.  Voice  synthesis  is  used  to  provide  information  to  the  controller.  This 
information  is  in  two  general  categories.  First,  if  the  controller  inquires  about  the  current  value 
of  a  particular  variable  (e.g.,  “tell  me  the  temperature  of  the  coolant”)  then  the  system  will 
announce  the  value  (“the  temperature  of  the  coolant  is  87.3  degrees”).  This  allows  the  controller 
to  get  access  to  a  value  when  his  visual  system  is  otherwise  occupied. 

During  evaluations  of  the  voice  synthesis  system,  it  was  found  that  full  sentence  responses  were 
judged  to  be  too  verbose.  In  the  case  of  humans  working  together  as  a  team,  it  is  understood  that 
the  value  being  reported  is  the  one  requested.  More  specifically,  too  much  time  elapsed  from 
when  the  system  began  speaking  and  the  key  information  was  delivered  to  the  controller.  For 
example,  if  the  system  said,  “the  temperature  of  the  coolant  is  87.3  degrees”  the  phrase  “the 
temperature  of  the  coolant  is...”  was  of  much  lower  value  than  the  phrase  containing  the 
temperature.  Users  preferred  responses  that  contained  only  the  key  information  (e.g.,  “87.3 
degrees”).  This  preference  was  reported  regardless  of  whether  the  numeric  value  preceded  or 
followed  the  descriptive  phrase. 

This  preference  is  not  surprising  in  a  system  trusted  by  the  user.  However,  it  was  expected  that 
controllers  would  need  to  use  the  system  for  awhile  before  developing  this  level  of  trust.  It  may 
be  that  the  controllers  who  used  are  system,  who  are  used  to  dealing  with  advanced  HSI  systems, 
have  more  trust  in  this  level  of  technology  than  do  controllers  who  have  not  worked  as 
extensively  with  this  level  of  HSI  technology.  It  may  also  be  that  this  result  is  an  artifact  caused 
by  the  fact  that  the  voice  recognition  and  synthesis  processes  needed  to  be  completed  by  the 
system  before  the  controller  could  move  on  to  their  next  interaction  with  the  workstation. 
Additional  research  would  need  to  be  conducted  in  order  to  fully  understand  the  reasons  behind 
this  preference. 
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The  second  type  of  voice  synthesis  is  confirmation  of  controller  requested  actions.  When  the 
controller  instructs  the  system  to  make  a  change  in  the  setting  of  a  discrete  variable  then  the 
system  will  respond  by  verbally  confirming  that  the  change  has  been  made.  For  example,  if  the 
controller  says  “turn  on  the  heater”  the  system  would  tum  the  heater  from  the  off  to  the  on 
position  and  respond  “heater  on”.  The  response  provides  the  controller  a  positive  indication  that 
the  requested  change  was  made.  This  is  similar  to  what  happens  now  when  controllers  and 
satellite  engineers  team  to  perform  a  support  and  provide  verbal  confirmation  that  the  requested 
action  has  been  performed.  As  in  the  case  of  continuous  variables,  evaluations  showed  that  users 
preferred  shorter  verbal  confirmations  over  more  complete  ones  in  which  the  name  of  the 
component  is  included. 

Data  Presentation.  HSI  shortcomings  in  the  method  and  format  of  data  presented  to  satellite 
controllers  in  the  workstations  in  CERES  and  the  SOPS  include: 

•  Color  coding  not  used  effectively 

•  No  context  is  provided 

•  Poor  Organization  of  data 

•  Selection  of  Units  of  Measure 

Color-coding.  An  attempt  is  made  to  use  color-coding  in  CERES  and  in  the  SOPS.  However, 
due  to  resource  limitations  color-coding  is  all  too  often  not  up  to  date.  When  the  color-coding  is 
not  kept  current,  the  controller  cannot  rely  on  this  display  dimension  to  indicate  the  presence  or 
absence  or  a  problem.  This  may  be  a  bigger  problem  in  CERES  due  to  the  ages  and  conditions 
of  the  Track  and  Control  Only  (TACO)  satellites  they  control.  For  instance,  if  a  TACO  satellite 
is  out  of  propellant  for  a  particular  thruster,  then  that  value  might  be  displayed  in  red  on  a  screen. 
However,  because  that  is  now  the  NORMAL  condition  for  that  satellite,  the  controllers  learn  to 
ignore  the  value  in  red  because  “that’s  always  red.”  The  controllers  quickly  learn  that  they  can’t 
rely  on  color  to  show  them  a  problem,  so  they  effectively  ignore  the  color-coding.  Clearly,  for 
color-coding  to  be  effective  it  has  to  be  accurate  and  up  to  date.  Maintaining  the  currency  of 
color-coding  requires  the  application  of  some  resources.  This  is  an  organizational  issue,  and 
beyond  the  scope  of  this  effort. 

Assuming  that  the  limits  for  each  variables  nominal,  warning,  and  caution  ranges  are  kept  up  to 
date,  color-coding  can  be  a  very  useful  tool  in  allowing  the  controller  to  detect  off-nominal 
situations.  In  this  HSI,  color-coding  is  used  in  a  redundant  fashion  with  other  dimensions.  For 
example,  a  continuous  monitor  shows  the  controller  at  a  single  glance  if  one  or  more  values  are 
in  the  warning  or  caution  ranges.  This  indication  combines  color-coding  with  shape  and  position 
coding.  In  this  case,  if  all  variables  are  in  their  nominal  ranges,  then  a  green  circle  is  displayed 
prominently.  If  one  or  more  variables  are  outside  the  nominal  range  then  the  green  circle  is 
removed  from  the  display  and  a  yellow  square  or  a  red  triangle  (or  both  depending  on  the  values 
of  the  variables)  are  displayed  in  near  by  locations.  These  locations  are  fixed,  allowing  the 
controller  to  develop  and  use  a  consistent  scan  pattern. 

One  of  the  design  principals  here  is  that  color-coding  is  not  sufficient,  by  itself.  Instead,  color- 
coding  is  best  employed  where  the  same  information  is  coded  in  a  different  dimension.  This 
approach  allows  the  code  to  be  understood  if  color  becomes  unavailable  (in  the  “bad  old  days”, 
for  instance,  one  or  more  of  the  guns  in  a  CRT  could  fail).  This  approach  recognizes  that  while 
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military  satellite  controllers  are  currently  required  to  have  normal  color  vision,  controllers  in 
commercial  settings  do  not  have  to  meet  this  requirement.  Furthermore,  in  the  future  it  may  be 
that  other  personnel,  such  as  satellite  engineers  or  orbit  analysts,  may  participate  more  directly  in 
the  support.  These  individuals  are  expected  to  have  the  same  distribution  of  color  deficiencies  as 
found  in  the  general  population. 

Another  design  principal  incorporated  into  the  testbed  HSI  is  the  use  of  positive  feedback.  One 
of  the  first  issues  that  comes  up  in  the  design  of  an  HSI  is  whether  or  not  the  absence  of  an 
anomaly  or  out  of  tolerance  indicator  is  sufficient,  or  if  the  system  needs  to  explicitly  inform  the 
user  that  all  is  well. 

A  HSI  without  positive  indications  often  leaves  the  user  uncertain  as  to  the  state  of  the  system. 

Is  the  system  operating  as  it  should?  Or  is  there  a  problem  and  the  display  isn’t  operating 
correctly?  Imagine  if  traffic  signals  had  only  red  and  yellow  lights.  As  you  approach  an 
intersection  where  neither  of  these  are  illuminated,  are  you  supposed  to  proceed  through  the 
intersection,  or  are  the  red  and  yellow  lights  burned  out?  Clearly,  a  green  signal  light,  which  is  a 
positive  indication,  makes  it  less  demanding  to  drive.  This  uncertainty  places  the  demand  to 
verify  the  system’s  state  back  on  the  user.  This  increases  the  load  placed  on  the  user,  and 
reduces  the  usefulness  of  an  automated  continuous  monitor  of  the  system. 

Serendipitously,  a  positive  indicator  provides  an  opportunity  to  use  position  coding  to  help  make 
changes  in  state  more  conspicuous,  or  attention  grabbing,  to  the  user.  When  a  light  changes 
position  and  color  it  can  be  quite  conspicuous,  reducing  detection  time.  In  this  context,  it  may  be 
more  important  to  let  the  controller  know  that  a  problem  has  been  fixed  in  a  timely  manner  than 
to  cue  them  that  something  is  amiss,  but  the  principal  is  the  same. 

In  a  mission  critical  system  such  as  a  satellite  control  workstation  we  believe  that  a  positive 
indication  is  required. 

Lack  of  Context.  In  terms  of  no  context,  the  problem  is  that  the  controller  must  recall  the 
warning  and  caution  limits  for  the  variable.  This  is,  clearly,  a  difficult  memory  tasks  for  any  one 
satellite,  and  is  only  going  to  be  worse  when  flying  multiple  satellites  of  different  types.  This 
problem  is,  we  believe,  one  of  the  major  contributors  to  the  need  for  initial  and  recurrent  training 
of  controllers. 

We  have  addressed  this  issue  by  displaying  the  data  values  in  graphical  form.  These  graphs, 
which  are  dial  gauges  in  this  implementation,  clearly  indicate  the  warning  and  caution  ranges  for 
that  particular  variable.  The  controller  is  able  to  determine  if  a  value  is  out  of  tolerance  visually; 
they  do  not  have  to  recall  any  values  from  memory,  nor  do  they  have  to  perform  mathematical 
comparisons  between  the  current  value  of  the  variable  and  its  limits. 

Controllers,  by  virtue  of  performing  supports  on  a  satellite  over  an  extended  period  of  time,  are 
familiar  with  the  ranges  of  values  for  many  of  the  measurands  and  the  trends  in  the  way  those 
values  change.  This  frequent  interaction  with  the  satellite  allows  the  controllers  to  see  trends  in 
the  changes  of  the  measurands.  For  example,  a  controller  might  know  that  a  voltage  tends  to  be 
on  the  low  side  of  the  normal  range  at  a  particular  point  in  time  because  of  the  relationship 
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between  the  satellite,  earth,  and  the  sun.  Once  that  relationship  changes,  then  the  voltage  is 
expected  to  drift  back  towards  the  center  or  upper  portion  of  the  nominal  range.  In  other  words, 
the  frequent  interactions  with  a  satellite  the  controller  becomes  knowledgeable  about  the  satellite 
and  the  patterns  of  changes  expected  in  the  data. 

As  unattended  operations  become  more  prevalent  in  the  future,  controllers  will  not  be  getting  the 
same  exposure  to  the  satellite,  and  won’t  have  the  same  awareness  of  the  situation.  To  further 
provide  a  context  for  the  value  of  a  variable,  the  controller  may  have  the  current  and  past  values 
of  a  variable  displayed  as  a  histogram.  The  aim  of  this  presentation  mode  is  to  allow  the 
controller  to  see  the  trend  of  the  values  over  time.  Trend  information  can  be  invaluable  in 
determining  the  cause  of  an  anomaly,  and  in  developing  an  approach  to  restore  the  satellite  to  a 
nominal  operational  condition.  For  example,  the  action  a  controller  would  take  is  expected  to  be 
very  different  if  a  voltage  drops  slowly  over  an  extended  period  of  time,  compared  to  a  case 
where  the  voltage  abruptly  drops.  In  the  former  case,  the  controller  might  focus  on  the  condition 
of  batteries  aboard  the  spacecraft  or  on  the  configuration  of  the  charging  system.  In  the  latter 
case,  a  controller  might  suspect  damage  from  an  acute  event  to  a  solar  cell  or  other  system 
component,  possibly  from  a  collision  or  from  intentional  acts. 

Data  Organization.  The  organization  of  data  values  on  the  workstations  in  the  SOPS  and  in 
CERES  is  not  always  as  intuitive  as  it  could  be.  In  some  cases,  a  single  variable  will  be  listed  in 
multiple  locations.  This  can  increase  the  difficultly  of  finding  the  value  of  the  variable  of 
interest.  The  controllers  must  memorize  the  data  page  or  pages  on  which  the  variable  appears, 
and  the  location  of  the  variable  on  each  page. 

We  have  addressed  this  problem  by  (1)  co-locating  the  value  of  the  variable,  be  it  a  discrete  state 
or  a  continuous  variable,  in  the  pass  plan  where  it  is  needed  by  the  controller,  and  (2)  by 
including  the  values  directly  in  the  schematic  diagram  of  that  subsystem. 

By  placing  the  value  in  the  pass  plan,  the  need  for  the  controller  to  search  for  the  variable  is 
entirely  eliminated.  Thus  the  controller  would  not  be  required  to  hunt  down  the  relevant  data. 
This  reduces  the  controller’s  memory  load  and  the  need  for  manual  actions. 

A  more  meaningful  organizational  scheme  can  be  provided  to  the  controller  by  putting  the  value 
into  the  subsystem  schematic  at  the  proper  location  relative  to  the  other  subsystem  components 
provides.  This  scheme  is  likely  to  be  similar  across  satellites  because  while  the  details  of  the 
subsystem  will  differ  from  satellite  to  satellite,  there  will  be  some  commonality. 

Units  of  Measure.  Satellite  data  is  presented  to  the  controllers  as  actual  values.  Temperatures 
are  reported  in  degrees,  voltages  in  volts,  currents  in  watts,  and  so  on.  This  approach  requires 
the  controller  to  memorize  the  nominal  values  for  each  satellite  being  flown,  and  the  allowable 
ranges  for  those  variables.  Errors  caused  by  recalling  a  similar,  but  incorrect  value  are  more 
likely  using  raw  values  than  when  using  nominal  values.  For  example,  it  is  easy  to  imagine  that 
a  controller  might  recall  a  nominal  values  as  being  23.2  volts  when  the  correct  value  is  22,3 
volts.  The  likelihood  of  this  type  of  error  occurring  is  increased  when  the  controller  flies  a 
constellation  of  heterogeneous  satellites.  This  problem  is  addressed  by  presenting  normalized 
values  by  default.  This  means  that  a  value  .of  100%  is  always  nominal,  no  matter  what  the  actual 
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value  is  or  what  satellite  it  being  supported.  This  is  similar  to  the  way  in  which  thrust  of  a  jet 
engine  is  reported.  It  doesn’t  matter  what  engine  is  being  flown,  100%  is  always  maximum 
continuous  thrust.  The  pilot  doesn’t  need  to  know  whether  that  corresponds  to  2400  lbs.  of  thrust 
or  24000  lbs.  of  thrust. 

Should  the  controller  need  the  actual  value,  then  a  single  toggle  converts  all  of  the  data  from 
normalized  to  raw  values. 

Controls 


Mouse  and  Keyboard.  A  mouse  and  keyboard  interface  is  provided  for  the  controller’s  use. 

Ui  ;ke  existing  systems  (i.e.,  the  COBRA  system  at  CERES)  a  single  mouse  and  keyboard 
p;  >de  access  to  all  of  the  display  surfaces  in  the  workstation.  That  is,  unlike  the  COBRA 
workstation  the  controller  does  not  need  to  switch  control  devices  when  switching  focus  from 
one  screen  surface  to  another.  Instead,  the  boundaries  between  the  screens  are  transparent  to 
control  actions  as  if  all  of  the  screens  are  joined  and  acting  as  one  large  screen. 

Touch  Screen.  A  touch  screen  interface  is  provided  in  addition  to  the  mouse  interface.  This 
interface  allows  the  controller  to  simply  touch  the  desired  location  on  the  screen  and  the  effect 
will  be  the  same  as  performing  a  mouse  click  at  that  same  location. 

In  the  past,  the  satellite  control  community  has  experimented  with  touch  screens.  It  is  our 
understanding  that  touch  screens  were  not  favorably  assessed.  The  problems  seem  to  have 
stemmed  from  (a)  long  response  latency  and  (b)  inadequate  precision. 

The  first  problem,  excessive  latency,  appears  when  the  controller  presses  the  screen  but  does  not 
receive  any  feedback  that  the  input  was  registered  by  the  system.  Consequently,  the  controller 
presses  the  screen  a  second  time  invoking  an  unintended  input  which  appears  after  the  system 
catches  up  with  the  first  input.  This  is  akin  to  what  happens  when  the  control  latencies  in  an 
aircraft  are  poor.  This  can  lead  to  pilot  induced  oscillation  -  an  undulating  flight  path  brought 
about  by  over-controlling.  The  poor  temporal  dynamics  of  these  earlier  touch  screens  frustrate 
the  users  at  best,  and  at  worst  force  the  user  to  figure  out  what  state  the  system  is  in,  and  then 
correct  that  state.  The  latter  can  significantly  increase  physical  and  cognitive  workloads. 

This  problem  is  not  evident  in  the  touch  screens  used  in  this  program.  The  latency  of  modem 
COTS  touch  screens  such  as  the  ones  incorporated  in  this  testbed  is  short  enough  that  the 
controller  receives  feedback  within  an  interval  that  eliminates  the  multiple  touch  problem. 

The  second  problem,  a  lack  of  precision,  stems  from  attempting  to  use  a  touch  screen  with  target 
areas  that  are  too  small,  or  have  no  dead  band  between  areas.  This  would  occur,  for  example,  if 
a  touch  screen  was  simply  added  to  a  display  without  adjusting  the  size  and  placement  of  the 
’’virtual  buttons”  to  account  for  the  difference  in  precision  between  a  mouse  and  the  finger. 

We  have  addressed  this  potential  problem  by  making  the  size  of  the  touch  sensitive  areas 
appreciably  larger  than  would  be  the  case  in  the  absence  of  a  touch  interface,  and  by  separating 
touch  sensitive  areas  with  dead  bands. 
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Voice  Recognition.  A  voice  recognition  system  has  been  incorporated  into  the  testbed.  An 
extensive  set  of  phrases  that  are  recognized  by  the  system  has  been  created.  The  large  set  of 
phrases  approximates  a  natural  language  recognition  system,  as  opposed  to  systems  that  require  a 
very  constrained  syntax. 

To  aid  the  controllers  in  making  their  intent  clear  to  the  system,  we  have  employed  the  following 
conventions: 

•  Phrase  that  begin  with  “Tell  me. . .”  cause  the  system  to  announce  the  value  of  the  continuous 
variable  using  the  speech  synthesis  capability 

•  Phrases  that  begin  with  “Show  me  ...”  display  a  graph  showing  the  value  of  the  variable. 

•  Phrases  that  begin  with  “What  is...”  and  phrases  that  state  only  the  variable  name  (e.g., 

“C+l  50V”  or  “SLOART”)  cause  the  system  to  both  announce  the  current  value  and  display  a 
graph. 

Although  use  of  these  conventions  seems  stilted  at  first,  in  practice  we  have  found  that  they 
quickly  become  incorporated  into  the  user’s  vocabulary. 

Appendix  2  contains  a  listing  of  the  phrases  that  are  recognized. 

In  the  event  that  a  voice  command  is  detected,  but  the  phrase  is  not  recognized,  the  system 
generates  a  synthesized  voice  statement  indicating  that  the  command  was  not  understood.  This 
feedback  tells  the  controller  that  the  voice  recognition  system  is  functioning,  but  that  for  some 
reason  the  command  was  not  processed  and  will  not,  therefore,  be  executed.  The  controller  then 
has  the  option  to  restate  the  command  as  is,  rephrase  the  command,  or  use  another  method  to 
enter  the  command. 

When  a  command  is  recognized,  the  system  executes  that  command.  The  system’s  response 
depends  on  the  nature  of  the  command.  If  the  command  is  a  query  as  to  the  value  of  a  specific 
variable  then  the  system  responds  by  announcing  and/or  displaying  the  value.  If  the  command 
instructs  the  system  to  change  the  state  of  a  control,  then  the  switch  state  is  set  to  the  state 
described  in  the  command  and  the  system  provides  a  verbal  confirmation  of  the  change.  If  the 
display  shows  the  switch  position  then  the  display  is  also  updated.  Finally,  if  the  command  is  to 
identify  all  variables  in  the  caution  or  warning  state,  then  the  system  displays  those  variables. 

The  variables  are  displayed  in  graphical  form  if  there  are  six  or  fewer  in  the  designated  state,  and 
as  a  list  if  there  are  more  than  six. 

Design  of  Controller  HSI  Testbed 

The  design  of  the  testbed  has  evolved  during  the  course  of  this  work.  Throughout  the 
development  we  have  attempted  to  maintain  a  focus  on  the  ability  to  test  HSI  features. 
Incorporation  of  a  high  fidelity  satellite  simulation  while  desirable  was  not,  in  and  of  itself,  one 
of  our  primary  goals. 
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The  path  to  development  of  the  testbed  was  not  without  some  detours.  Our  initial  aim  was  to 
incorporate  a  high  fidelity  simulation  of  a  satellite,  ideally  one  supported  by  CERES.  This 
would  be  useful  because  (a)  there  is  an  already  highly  trained  cadre  of  experienced  controllers 
available  to  participate  in  Air  Force  sponsored  and  (b)  research  performed  in  the  testbed  could  be 
replicated  using  the  track  and  command  only  (TACO)  satellites  supported  by  CERES. 

Key  Systems  -  Problems  and  Challenges  Encountered 


Satellite  Simulation.  Early  in  the  program,  MTI  and  Braxton  Technologies  (Pleasanton,  CA) 
reached  an  agreement  to  cooperate.  MTI  would  provide  results  of  the  research  to  Braxton,  give 
Braxton  the  right  of  first  refusal  on  new  HSI  designs,  and  would  fund  support  received  from 
Braxton  related  to  the  integration  of  a  satellite  simulation  into  the  testbed.  Finally,  MTI  wou*d 
purchase  Commercial  Off-The-Shelf  (COTS)  software  used  in  the  testbed  from  Braxton. 
Braxton,  in  turn,  was  to  provide  COTS  software  on  loan  during  the  development  of  the  testbed, 
and  provide  assistance  to  MTI  in  integrating  their  software  into  the  testbed. 

A  number  of  technical,  financial,  and  schedule  hurdles  to  the  successful  integration  of  a  high 
fidelity  satellite  simulation  emerged.  These  have  been  described  in  periodic  progress  reports  and 
other  communications  to  the  Government’s  technical  representative  so  are  not  repeated  here. 

We  would  be  remiss  if  we  did  not  point  out  that  Braxton’s  product  was  not  designed  for  use  in  a 
research  environment.  It  is  likely  that  some,  or  many,  of  technical  challenges  we  encountered 
can  be  attributed  to  our  attempt  to  use  that  simulation  in  an  application  for  which  it  was  never 
intended. 

Ultimately,  these  hurdles  put  progress  towards  successful  development  of  the  HSI  testbed  at  risk. 
A  decision  was  made  to  forgo  inclusion  of  the  Braxton  simulation  in  order  to  focus  efforts  and 
resources  on  the  primary  goals  of  this  program:  the  design  and  implementation  of  HSI  features 
and  the  development  of  tools  needed  to  successfully  conduct  research.  Unfortunately,  several 
months  of  effort  were  spent  attempting  to  integrate  the  COTS  satellite  simulation. 

Once  the  determination  was  made  to  end  efforts  to  include  this  satellite  simulation,  a  number  of 
alternatives  were  explored.  These  included  the  possibility  of  using  a  COTS  satellite  simulation 
from  other  vendors  and  possible  re-use  of  a  Government-owned  simulation.  The  COTS 
simulations  were  rejected  because  they  had  some  of  the  same  technical  and  cost  drawbacks  as 
did  the  original  model.  Specifically,  we  could  not  readily  gain  access  to  the  code  at  the  level  we 
needed  to  collect  data  or  to  control  anomalies.  At  that  time,  no  suitable  Government-owned 
simulation  was  identified.  (We  have  subsequently  learned  that  NASA  Goddard’s  REACH  space 
control  simulation  has  a  satellite  simulation.  We  have  not  evaluated  this  simulation  to  determine 
if  it  could  be  used  to  upgrade  the  testbed.) 

In  order  to  refocus  the  program  on  the  HSI  issues,  and  to  get  back  on  track  in  terms  of  schedule 
MTI  developed  a  “thin  simulation”  to  replace  of  a  COTS  satellite  simulation.  This  thin 
simulation  generates  data  values  for  all  of  the  variables  in  the  Link  1  communications,  Link  2 
communications,  electrical,  and  propulsion  subsystems  in  a  Defense  Satellite  Communications 
System  (DSCS)  satellite  (Figure  4).  Both  continuous  and  discrete  variables  are  simulated. 
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CERES  personnel  provided  MTI  the  set  of  variables,  along  with  the  nominal,  warning,  and 
caution  limits  for  the  continuous  variables  used  in  this  program.  Appendix  3  contains  tables 
listing  the  variables  that  are  simulated.  Where  applicable,  the  nominal,  warning,  and  caution 
ranges  are  indicated. 


DSCS  was  chosen  for  use  in  the  testbed  as  its  systems  are  representative  of  many  of  the  satellites 
currently  flown  by  the  Air  Force.  Additionally,  CERES  is  flying  a  “retired"  DSCS  satellite. 

This  provides  a  pool  of  experienced  DSCS  controllers  who  could  participate  in  future  research. 


Figure  4.  Defense  Satellite  Communications  System  (DSCS)  Satellite. 

Simulation  of  the  continuous  variables  is  done  using  a  “sum  of  sines’’  technique.  This  technique 
allows  the  value  of  each  variable  to  vary  independently  over  time.  The  changes  appear  to  the 
controller  as  being  essentially  random  about  a  mean  value.  By  changing  the  frequency,  phase, 
and/or  amplitude  parameters  of  any  of  the  sine  waves  used  to  generate  a  variable’s  value,  the 
experimenter  can  change  the  manner  in  which  that  variable  changes. 

Simulation  of  the  discrete  variables  is  accomplished  simply  by  assigning  a  default  value  of  zero 
or  one.  These  default  values  are  contained  in  an  ASCII  text  “include”  file  on  the  “Control  Point” 
machine.  The  path  and  name  of  this  file  is  “d:\PostBTI\TimeClient\DiscreteDefaultList.h.  The 
experimenter  can  edit  this  file  to  create  the  desired  initial  conditions  for  a  particular  trial  using 
any  text  editor. 
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One  benefit  of  this  approach  is  that  the  “thin  simulation”  is  not  computationally  intensive.  This 
allowed  us  to  run  the  testbed  on  only  two  machines,  rather  than  three  as  would  be  required  to  use 
a  high  fidelity  simulation.  By  running  on  two  machines  the  inter-machine  communications 
requirements  were  reduced  and  simplified. 

Another  benefit  of  this  approach  is  that  unlike  using  a  COTS  satellite  simulation,  the  source  code 
for  the  simulation  is  available,  and  can  be  changed  to  meet  future  requirements.  This  makes  it 
relatively  easy  to  implement  new  HSI  features,  and  does  not  require  contracting  with  any  outside 
source  to  make  those  changes.  This  capability  reduces  the  amount  of  time  needed  and  the  costs 
of  integrating  new  equipment. 

Touch  Screen  Interface.  The  initial  physical  layout  of  the  satellite  control  testbed  was  modeled 
after  the  multi-modal  workstation  developed  by  the  Navy  for  command  and  control.  The  Navy 
work  had  showed  that  in  their  application,  a  large,  touch  screen  equipped  display  area  served  the 
needs  of  the  uses  better  than  a  smaller  area.  The  Navy  configuration  consisted  of  two  display 
surfaces  located  side  by  side  above  a  single  display  area  centered  below  the  other  monitors. 
Similarities  between  the  command  and  control  tasks  and  the  tasks  performed  by  satellite 
controllers,  we  began  development  of  the  testbed  using  a  configuration  that  is  physically  similar 
to  the  Navy’s.  This  allowed  us  to  order  some  long  lead-time  hardware  early  on,  thus  avoiding 
delays. 

As  it  turned  out,  a  number  of  technical  challenges  emerged  when  integrating  the  hardware.  One 
of  the  biggest  challenges  turned  out  to  be  due  to  the  availability  of  a  touch  screen  driver  that 
would  allow  this  screen  configuration  in  the  Windows  2000  operating  system  environment.  The 
options  available  to  overcome  this  problem  were: 

(a)  obtain  a  Windows  2000  compatible  driver  from  the  vendor 

(b)  write  a  driver  in-house 

(c)  switch  operating  systems 

The  touch  screen  vendor  (ELO  Systems,  Fremont,  CA)  was  contacted  and  we  were  advised  that 
a  driver  did  not  exist  at  that  time.  However,  they  claimed  to  be  working  on  the  development  of  a 
driver  and  we  were  put  on  a  list  to  receive  a  beta  version  when  it  became  available.  To  date  this 
driver  has  not  been  released  for  testing  or  use. 

Option  (b)  was  considered,  but  rejected  because  it  posed  too  much  technical  risk.  Our  concern 
was  that  if  the  vendor  had  not  been  able  to  provide  a  driver  for  this  popular  operating  system, 
then  there  were  likely  to  be  one  or  more  “show  stoppers”  that  we  would  also  encounter.  This 
concern  lead  us  to  conclude  that  writing  a  driver  in-house  would  consume  considerable  amount 
of  time  without  a  high  probability  of  being  successful.  Therefore,  we  decided  not  to  pursue  this 
option. 

We  elected  to  go  with  option  (c)  and  switched  to  Widows  98  as  the  operating  system  for  the 
“Control  Point”  machine.  This  meant  that  the  voice  I/O  system  had  to  operate  under  the  older 
operating  system.  It  also  meant  that  we  would  now  have  a  system  of  heterogeneous  operating 
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systems.  Both  these  consequences  caused  complications  for  the  development  of  the  testbed 
software. 

Voice  I/O.  The  voice  I/O  system  used  in  the  testbed  is  Dragon  Naturally  Speaking™  (Lemout  & 
Hauspie,  Burlington,  MA).  During  the  course  of  this  program  the  parent  company,  which  is 
based  in  Belgium,  apparently  encountered  legal  and  financial  difficulties.  Partially  as  a  result  of 
those  difficulties,  the  vendor’s  technical  support  for  this  product  was  often  poor  or  non-existent. 
In  the  absence  of  reliable  technical  support  from  the  vendor,  we  were  often  forced  to  rely  on 
user’s  groups  to  obtain  suggestions  on  how  to  overcome  the  difficulties  we  encountered.  A  more 
reliable  source  of  technical  information  would  have  allowed  us  to  avoid  many  of  the  dead  ends 
we  went  down  with  the  voice  VO  software  development.  (NOTE:  In  November  2001  the  Speech 
Division  of  Lemout  &  Hauspie  was  acquired  by  Scansoft  of  Peabody,  MA) 

A  great  deal  of  time  and  effort  was  required  to  get  the  accuracy  of  the  voice  recognition  system 
up  to  an  acceptable  level  of  accuracy.  In  part,  this  was  due  to  the  vocabulary  used  in  the  control 
of  satellites.  More  specifically,  the  names  of  the  variables  were  often  quite  similar  (e.g., 

“CT1  AMT”  and  “CT1BMT”)  and  were  easily  confused.  The  context  of  inquiry  for  the  state  or 
value  of  a  variable  did  not  aid  the  recognition  engine  in  distinguishing  between  these  names. 

Three  approaches  were  used  to  improve  the  speech  recognition  accuracy.  First,  the  speaker 
dependent  voice  training  was  performed.  This  training  consists  of  using  the  training  capabilities 
built  into  Dragon  Naturally  Speaking.  This  requires  the  speaker  to  create  a  user  profile  and  to 
read  selected  text  aloud. 

The  second  approach  was  to  create  a  custom  dictionary  of  terms.  Here,  we  entered  all  of  the 
variable  names  and  their  phonetic  spellings  into  Dragon  Naturally  Speaking.  For  example,  for 
the  phonetic  spelling  of  “CT1BMT”  we  use  “sea  tea  one  bee  em  tea.”  We  then  trained  the  voice 
recognition  system  by  dictating  the  variable-names  and  correcting  the  system  each  time  an  error 
was  made.  This  process  required  many  hours. 

The  third  approach  we  used  to  improve  accuracy  was  to  include  the  phonetic  spelling  of  each 
phrase  to  be  recognized  in  the  code.  (These  phrases  are  in 

d:\postBTI\TimeClient\MessageMap.cpp  on  the  Control  Point  machine.)  Below  are  several 
examples. 

•  “ sea  tea  one  bee  em  tea  ” 

•  “Show  me  the  value  of  sea  tea  one  bee  em  tea  ” 

•  “Tell  me  the  value  of  sea  tea  one  bee  em  tea  ” 

•  “What  is  the  value  of  sea  tea  one  bee  em  tea  ” 

This  constrains  the  system  to  recognizing  only  those  phrases  contained  in  this  file.  Other  phrases 
are  not  recognized  by  the  voice  system.  (There  are  some  exceptions.  Dragon  Naturally 
Speaking  has  a  number  of  phrases  built  in  that  are  recognized  regardless  of  any  other 
applications  that  are  running.  For  example,  the  phrase  “ Open  Word ”  opens  the  Microsoft  Word 
program.  To  date,  we  have  been  unable  to  identify  a  method  for  turning  off  these  built  in  phrases 
so  that  only  the  vocabulary  in  this  application  is  recognized.) 
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As  can  be  inferred  from  the  above  discussion,  Dragon  Naturally  Speaking  does  not  perform  true 
“natural  language  recognition”.  The  speech  engine  doesn’t  understand  the  meaning  of  the  words 
spoken  by  the  controller.  In  order  to  make  the  system  act  as  if  it  was  performing  “natural 
language  recognition”  we  created  a  vocabulary  list  with  numerous  phrases  that  have  the  same 
effect.  This  allows  the  controller  to  use  phraseology  that  is  more  conversational.  For  example, 
the  controller  could  use  any  one  of  the  following  statements  to  obtain  a  display  of  the  value  of 
variable  PHT-HT. 

"Show  me  pea  h  tea  minus  h  tea" 

"Show  me  the  temperature  of  the  minus  ex  hydrazine  line  high  level  thruster" 

"Show  me  the  minus  ex  hydrazine  line  high  level  thruster  temperature" 

Simply  replicating  an  existing  statement  and  replacing  the  phrase  to  be  recognized  with  the  new 
one  can  extend  the  number  of  synonymous  statements.  This  can  be  done  with  any  ASCII  text 
editor. 

The  system  can  respond  to  a  controller’s  query  regarding  the  value  of  a  continuous  variable  in 
three  ways: 

(a)  Announce  the  current  value  using  the  voice  synthesis  system 

(b)  Display  a  gauge  showing  the  value  of  the  variable 

(c)  Announce  the  value  and  display  a  gauge. 

In  order  to  make  it  easy  for  the  controller  to  select  which  response  the  system  will  employ,  the 
following  convention  was  implemented: 

•  If  the  controller  says  just  the  variable  name  or  aphrase  that  begins  with  “Tell  me  ...”  then  the 
system  will  announce  the  current  value  of  that  variable. 

•  If  the  controller  says  a  phrase  that  begins  with  “Show  me  ...”  then  the  system  will  display  a 
gauge  showing  the  value  of  the  variable. 

•  If  the  controller  says  a  phrase  that  begins  with  “What  is  ...”  then  the  system  will  both 
announce  the  value  of  the  variable  and  display  a  gauge. 

The  controller  can  also  use  voice  commands  to  change  the  state  of  discrete  variables.  The 
discrete  variables  commonly  represent  satellite  controls  that  the  controller 

Unfortunately,  there  are  two  unresolved  software  anomalies  in  Naturally  Speaking  that  limit  its 
usefulness  in  this  application,  as  well  as  in  other  mission-critical  systems.  The  first  anomaly  is 
that  Naturally  Speaking  monopolizes  the  CPU  when  it  is  performing  recognition  and  synthesis. 
This  means  that  processing  for  other  applications  running  concurrently  on  the  same  CPU  is 
halted  until  Naturally  Speaking  has  completed  its  task.  Here,  this  means  controller  inputs  are  not 
processed  as  rapidly  as  they  should.  It  also  means  that  actions  involving  communications 
between  systems  in  the  testbed  are  deferred  until  the  voice  I/O  system  has  completed  its 
processing.  This  impacts  the  data  collection  system,  where  several  frames  of  data  may  be  lost 
while  voice  I/O  processing  is  being  performed.  It  impacts  the  HSI  because  the  controller  is 
unable  to  interact  with  the  system  until  the  voice  system  relinquishes  control  of  the  CPU. 
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A  second  problem  is  the  reliability  of  the  voice  I/O  system.  In  the  testbed  it  is  not  uncommon  for 
the  voice  I/O  system  to  “hang”  in  a  state  that  eliminates  communication  between  the  application 
and  the  voice  system.  When  this  occurs,  it  appears  to  the  controller  as  if  the  recognition  system 
is  still  functioning,  but  that  the  synthesis  has  failed.  We  have  determined  that  Naturally 
Speaking  has  failed  internally  and  in  no  longer  returning  to  the  application. 

Further  investigation  leads  us  to  believe  that  this  problem  is  due,  at  least  in  part,  to  a  problem  in 
synthesizing  integer  and  floating  point  values.  When  the  synthesis  engine  is  asked  to  pronounce 
a  value  such  as  “5.3  volts”  the  system  often  fails.  However,  if  the  system  is  asked  to  pronounce 
the  same  value  but  it  is  expressed  without  numerics,  as  in  “five  point  three  volts”,  then  the 
system  operates  normally.  This  problem  does  not  occur  when  voice  synthesis  of  floating  point 
values  is  not  required.  “Show  me...”  commands  are  in  this  category  as  are  commands  that 
change  the  state  of  variables  having  discrete  values.  Additionally,  commands  to  bring  up  and 
remove  screens  are  not  affected  by  this  problem  in  the  voice  synthesis  system.  We  have  brought 
the  problem  of  synthesizing  floating  point  values  to  the  attention  of  Dragon’s  technical  support 
group,  but  so  far  have  not  found  any  resolution. 

All  in  all,  it  appears  that  voice  I/O  is  a  powerful  part  of  the  HSI  for  satellite  controllers. 

However,  the  current  implementation,  while  it  uses  a  state  of  the  art  COTS  system,  has 
limitations  that  adversely  impact  its  utility  in  this  setting.  Until  these  problems  are  resolved,  we 
consider  voice  synthesis  to  be  insufficiently  robust  for  use  in  a  mission  critical  system. 


System  Manual 

A  System  Manual  for  the  testbed  is  contained  in  Appendix  4.  This  manual  describes  the 
architecture  of  the  system  and  all  of  the  major  software  modules. 

Software  User’s  Manual. 


Appendix  5  contains  a  Software  User’s  Manual.  In  this  manual  are  descriptions  of  the  processes 
to  be  performed  in  order  to  create  or  modify: 

•  Voice  commands 

•  Pass  Plans 

•  System  Diagrams 

•  Data  Displays  (e.g.,  graphical  displays  of  a  variable’s  value) 

It  is  expected  that  this  manual  will  be  used  by  persons  familiar  with  programming  in  C  or  C++  in 
a  Windows  environment. 

Many  of  the  tasks  described  in  this  manual  make  use  of  the  Design  software  package  (Altia, 
Colorado  Springs,  CO).  It  is  highly  recommended  that  the  tutorials  in  the  Design  package  be 
completed  prior  to  developing  new  displays  for  the  testbed. 

Design  of  Experimenter  Workstation 
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In  the  design  of  the  testbed  the  needs  of  the  experimenter  have  been  considered.  The  key 
functions  available  to  the  experimenter  are: 

1 .  Control  the  start,  stop,  and  pausing  of  the  simulation 

2.  Name  the  data  files 

3.  Select  the  data  collection  rate  appropriate  for  the  specific  study 

4.  Control  anomalies  and  malfunctions 

5.  Add  markers  to  the  data  stream  to  allow  easy  identification  of  significant  events 

6.  Add  annotations  to  the  data  files 

7.  Select  the  variables  to  be  collected 

8.  Set  the  initial  conditions  for  the  simulation 

Items  1  through  6  are  performed  using  an  experimenter  workstation.  Items  7  and  8  are 
performed  offline. 

Experimenter  Workstation. 


The  experimenter  interacts  with  the  workstation  with  a  keyboard  and  either  a  mouse  or  touch 
screen.  Appendix  6  contains  an  Experimenter  User’s  Manual  for  the  workstation. 

Figure  5  shows  the  appearance  of  the  experimenter  workstation  display.  Each  field  in  this 
display  is  described  in  Appendix  6.  Additionally,  the  processes  of  activating  and  deactivating 
anomalies  are  described  in  a  step-by-step  fashion  in  that  manual. 
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Figure  5.  Experimenter’s  Workstation. 


This  figure  shows  the  display  prior  to  commencement  of  an  experiment.  There  are  no  anomalies 
are  active  and  the  experimenter  has  not  yet  entered  any  event  markers  or  annotations 

Default  State  List 


The  default  state  of  the  simulated  satellite  can  be  configured  as  required  by  the  experimenter. 

The  default  state  of  each  of  the  discrete  variables  is  set  to  either  0  (zero)  or  1  (one)  at  the  start  of 
each  simulation  event.  The  meaning  of  zero  or  one  depends  on  the  particular  variable.  (For 
example,  a  value  of  0  could  mean  “off’,  “encoded”,  or  “20  watts”,  depending  on  the  particular 
variable.)  The  default  values  for  all  of  the  discrete  variables  in  the  simulation  are  contained  in 
d:\PoslBThTimeClient\DiscreteDefaultList.h.  This  is  an  ASCII  text  file  that  can  be  edited  by  the 
experimenter.  In  order  to  change  the  default  state  of  a  specific  variable  the  experimenter  can 
simply  change  the  value  from  0  to  1  (or  from  1  to  0).  Alternatively,  the  controller  may 
“comment  out”  the  assignment  and  replace  it  with  a  line  containing  the  new  value.  When 
“commenting  out”  a  line  in  this  text  file  the  C-language  convention  of  using  a  double  slash  (i.e., 
“//”)  before  any  text  is  recommended.  Changes  in  this  file  do  not  have  an  effect  until  the 
simulation  is  recompiled. 

Data  Collection  List 

The  experimenter  can  specify  the  data  that  will  be  collected  during  a  simulation.  The  names  of 
the  variables  that  are  being  collected  are  contained  in 

d.XPostBTKHmeClientXDataCollectionList.cpp.  If  the  name  of  the  variable  does  not  appear  in 
this  file,  or  if  the  line  containing  that  variable  name  is  “commented  out”  then  that  item  will  not 
be  collected.  It  is  recommended  that  the  experimenter  “comment  out”  variables  when  they  are 
not  desired,  rather  than  deleting  them  from  this  file.  It  is  recommended  that  the  C-language 
convention  of  using  double  slashes  (i.e.,  “//”)  be  used  for  commenting  out  text. 

This  is  an  ASCII  text  file  and  can  be  edited  by  the  experimenter.  If  the  simulation  of  the  satellite 
is  enhanced  so  that  new  data  are  available,  the  experimenter  needs  to  add  those  variable  names  to 
this  list.  This  is  simply  a  matter  of  copying  an  existing  entry  and  editing  the  name  of  the 
variable. 

The  order  of  the  variables  in  the  data  file  will  be  the  same  as  the  order  of  the  variables  in  this  list. 
For  example,  the  n,h  variable  in  the  list  will  be  the  n,h  column  of  the  data  file. 


HSI  Technology  Review  and  Projection 

Speech  and  Multimodal  Interface  Technologies 

Developments  related  to  advancements  in  HSI  technologies  have  been  closely  monitored  and 
documented  in  reports  and  project  review  meetings  throughout  the  duration  of  this  program.  An 
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initial  technology  assessment  was  performed  during  Phase  I  to  identify  a  reasonable  set  of 
emerging  HS1  technologies  that  should  be  considered  for  inclusion  in  the  SOC  testbed  during  the 
Phase  II  timeframe.  The  selected  candidate  technologies  included  several  well-researched 
advanced  HSI  technologies  that  were  beginning  to  transition  from  the  laboratory  testing  phase 
into  trials  in  a  variety  of  operational  environments.  Based  upon  discussions  with  the  program 
sponsor  and  members  of  the  user  community  it  was  agreed  that  the  technologies  incorporated  in 
the  current  SOC  testbed  represent  a  reasonable  set  of  advanced  HSI  technologies  commensurate 
with  the  Phase  II  budget  and  schedule  constraints.  A  detailed  review  of  the  HSI  technologies 
selected  for  the  Phase  II  SOC  testbed  was  conducted  prior  to  implementation  to  provide  a  better 
understanding  of  the  conditions  under  which  the  selected  technologies  applied  individually  or  in 
certain  combinations,  tend  to  enhance  human-system  interaction  and  task  performance.  The 
review  also  examined  the  conditions  under  which  the  selected  technologies  have  failed  to 
improve  operator  performance,  as  well  as  potential  implementation  pitfalls.  The  results  of  this 
review  were  combined  with  the  results  of  the  task  and  user  requirements  analysis  activity  to 
guide  decisions  regarding  SOC  testbed  architecture  and  implementation. 

The  current  SOC  testbed  provides  an  excellent  foundation  for  the  further  development  and 
evaluation  of  spoken  language  interfaces,  one  of  the  more  promising  avenues  for  achieving  a 
major  breakthrough  in  the  communications  between  humans  and  computer-based  systems.  The 
emerging  spoken  language  interfaces  will  allow  users  to  communicate  with  computer-based 
applications  through  words  and  phases,  our  most  familiar  form  of  everyday  communication. 
Spoken  language  interfaces  have  the  potential  for  greatly  reducing  the  skill  level  and  training 
requirements  for  satellite  controllers,  and  significantly  increasing  their  mission  performance. 
They  also  have  the  potential  for  enhancing  usability  and  situation  awareness  by  allowing  many 
operations  to  be  performed  without  hand  or  eye  movements  that  distract  from  the  task-critical 
information  being  presented  via  visual  displays.  The  following  section  provides  a  brief  update 
on  the  current  state-of-the-art  and  trends  for  speech  technology,  as  well  as  recommendations 
aimed  at  providing  a  roadmap  for  near-term  (the  next  two  or  three  years)  SOC  testbed 
development. 

State-Of-The-Art 

Since  the  current  program  was  initiated  there  has  been  a  significant  increase  in  speech  product 
capabilities,  the  introduction  of  new  products  incorporating  speech  technologies,  and 
unprecedented  investment  in  speech  technology  research  and  development.  Currently  the  most 
widespread  applications  of  speech  technology  are  the  use  of  continuous  speech  computer  desktop 
products  for  dictation,  and  the  use  of  automated  speech  recognition  (ASR)  systems  for  customer 
service  and  self-service  applications  (e.g.,  travel  reservations,  telephone  directory,  stock  trading, 
and  banking).  The  existing  touch-tone  interactive  voice  response  (IVR)  systems  that  have 
frustrated  users  with  their  tediously  long  menu-based  navigation  via  the  telephone  keypad  are 
rapidly  being  replaced  by  telephone-to-computer  speech  recognition  systems.  These  ASR 
systems  (e.g.,  SpeechWorks,  Nuance,  and  Entropic)  incorporate  the  latest  robust  speaker- 
independent  continuous  speech  recognition  technologies  and  sufficient  dialog  capabilities  to 
handle  various  routine  tasks  normally  performed  by  humans,  including  the  funding  of  numerous 
start-up  ventures. 
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In  addition,  each  of  the  major  consumer  speech  products  companies  (i.e.,  IBM,  Dragon  Systems, 
Phillips,  and  Lemout  &  Hauspie)  has  introduced  second-generation  large  vocabulary  (i.e.,  in  the 
range  of  250,000  words)  continuous  speech  recognition  dictation  products.  Unlike  the  ASR 
speaker-independent  systems,  these  speech  systems  require  each  new  user  to  perform  at  least  one 
“enrollment”  or  training  session  that  can  vary  from  10  to  30  minutes.  These  training  sessions  are 
to  train  the  speech  system  and  not  the  user.  The  recognition  accuracy  for  these  speaker- 
dependent  systems  continues  to  improve  over  time  with  normal  use  and  additional  training 
sessions.  Dictation  places  great  demands  on  the  speech  recognition  technology,  driving  the 
suppliers  to  introduce  significant  improvements  in  user  interface  features  and  recognition 
accurately  in  each  new  product  release. 

The  current  SOC  testbed  incorporates  a  limited,  but  potentially  useful  subset  of  the  spoken 
language  technologies,  including  speech  recognition  and  speech  synthesis.  Speech  recognition  is 
being  used  primarily  to  provide  controller  with  direct  access  to  information  via  simple  English 
speech  commands.  This  capability  should  offer  a  performance  advantage  over  traditional 
Graphical  User  Interface  (GUI)  point-and-click  selection  from  an  ever-growing  array  of  menu 
options,  buttons  and  icons  as  employed  by  current  spacecraft  control  systems.  As  currently 
implemented  for  the  SOC  testbed,  speech  synthesis  technology  is  mainly  used  to  provide  an 
alternative  means  of  providing  controller-requested  information  regarding  the  current  value  of  a 
particular  system  variable.  This  allows  controllers  to  get  access  to  important  information  while 
attending  to  visually-oriented  tasks. 

The  speech  recognition  technology  employed  in  the  current  SOC  testbed  represents  the  state-of- 
the-art  with  respect  to  available  speaker-dependent  commercial-off-the-shelf  (COTS)  products. 
The  Dragon  Systems  Naturally  Speaking  software  that  supports  all  of  the  SOC’s  speech  features 
is  the  product  of  more  than  10  years  of  research  and  development  supported  by  several  million 
dollars  of  DoD  and  industry  funding.  The  latest  release  of  Naturally  Speaking  provides  many 
speech  input  features  and  high-level  tools  for  developing  and  optimizing  the  performance  of 
speech-enabled  applications  running  on  the  Microsoft  Windows  operating  system.  Typical  of 
current  leading-edge  speech  products,  Naturally  Speaking  has  its  share  of  undocumented 
technical  problems.  However,  we  have  been  able  to  achieve  very  high  recognition  accuracy  for 
an  application  with  a  relative  large  vocabulary  with  a  high  potential  for  speech  recognition 
errors.  Despite  a  period  of  business  turmoil,  the  Dragon  Systems  R&D  group  was  able  to  make 
continuous  improvements  to  the  Naturally  Speaking  product  since  it  was  initially  selected  as  the 
speech  technology  for  the  SOC  testbed.  The  Naturally  Speaking  technology  is  now  owned  by  a 
stable  company,  ScanSoft  Inc.,  and  there  is  reason  to  believe  that  it  will  remain  a  state-of-the-art 
speech  technology  product  in  the  foreseeable  future.  The  array  microphone  used  in  the  current 
SOC  testbed  is  one  of  better  low-cost  microphones  of  its  kind  in  terms  of  speech  recognition 
accuracy. 

Near-Term  Development  Recommendations 

The  task  analysis  reported  in  Appendix  1  revealed  several  specific  shortcomings  with  current 
SOC  user  interfaces,  and  specific  recommendations  regarding  the  potential  uses  of  current 
speech  technology.  In  addition,  the  results  from  recent  successful  applications  of  speech 
interface  technology  for  military  control  center  environments  (e.g.,  the  USAF  TapTalk,  the 
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SPAWAR  Multimodal  Watchstation,  and  the  DARPA  CPoF  programs)  suggest  the  general  types 
of  tasks  that  are  likely  to  benefit  from  the  application  of  current  speech  technology. 

Generally  Increase  Speech-Enabled  Tasks.  Based  upon  the  above  findings,  it  is  recommended 
that  the  SOC  testbed  should  be  used  to  explore  the  potential  benefits  of  additional  speech  input 
&  control  for  satellite  control  tasks  involving  direct  access  to  frequently  performed  functions 
(navigation),  entering  satellite  parameters  for  labeled  fields  (data  entry),  and  accessing  telemetry 
history  data  to  resolve  anomalies  (database  query).  Based  upon  the  combined  findings  from  the 
task  analysis  and  the  key  HSI  research  and  development  programs,  it  is  recommended  that  the 
near-term  plans  for  enhancing  the  speech  interface  capabilities  focus  on  making  use  of  the 
speech  processing  capabilities  supported  by  the  current  SOC  testbed  to  incrementally  expand  the 
application  of  speech  recognition  and  synthesis  to  (1)  perform  tasks  that  are  inherently  awkward 
to  perform  with  a  keyboard  or  mouse,  (2)  to  provide  a  more  balanced  workload  across  the 
sensory  modalities,  and  (3)  to  reduce  the  demands  on  the  operator’s  memory  by  eliminating 
multiple  menu  selections  and  providing  direct  access  to  needed  information. 

Implement  SuperMOCA  Control  Interface  Language  Specification.  A  specific  example  of  the 
recommended  approach  is  illustrated  in  a  very  recent  report  by  Remington  and  Coven  (2002). 
The  authors  describe  a  specific  task  performed  by  many  spacecraft  controllers  and  spacecraft  test 
engineers  that  could  benefit  from  the  implementation  of  current  speech  technology.  This  report 
points  out  that  the  creation  of  directive  macros  with  one  of  the  cryptic  commanding  languages 
currently  in  use  (e.g.  STOL,  GOAL,  CSTOL,  and  ETOL)  via  a  keyboard  is  a  very  tedious  and 
error-prone  task.  Remington  and  Coven  developed  the  Spacecraft  Speech  Command  Scripting 
Prototype  to  demonstrate  how  speech  recognition  could  be  used  to  prepare  directive  and 
command  macros,  taking  advantage  of  speech  feedback  for  guidance,  verification  and  error 
correction  based  upon  the  Control  Interface  Language  (CIL)  Specification. 

Developed  under  NASA’s  SuperMOCA  project,  CIL  provides  a  comprehensive  specification  for 
a  next-generation  language  with  an  English-like  syntax,  an  object-oriented  database  architecture, 
and  natural  language  command  parsers  for  use  in  future  spacecraft  test  and  operations  systems. 
The  language  can  be  used  to  control  all  of  the  activities  associated  with  the  space  vehicle  and 
their  supporting  ground  systems.  This  includes  monitoring  and  control  at  the  low-level  of 
individual  actuators  and  sensors  (e.g.,  “open  valve  1”)  and  at  a  high  level  suitable  for  systems 
that  have  intelligence  to  carry  out  complex  actions  (e.g.,  “reorient  spacecraft  to  nadir  pointing”). 

The  Spacecraft  Speech  Command  Scripting  Prototype  also  demonstrates  several  other  uses  of 
speech  technology  in  the  context  of  the  task  of  creating  spacecraft  commanding  macro  scripts 
including  the  application  of  continuous  speech  recognition  to  support  the  ad  hoc  dictation  to 
attach  speech  annotations  to  macros  and  the  use  of  speech  output  to  provide  attention-getting 
feedback  and  guidance.  Like  the  SOC  testbed,  the  Spacecraft  Speech  Command  Scripting 
Prototype  implementation  incorporates  the  Naturally  Speaking  product  and  the  ActiveX 
components  provided  by  Naturally  Speaking  Software  Developer’s  Kit  (SDK)  to  create  the 
speech  user  interface  and  to  perform  the  fundamental  speech  recognition  and  text-to-speech 
synthesis  processes.  Implementation  of  NASA’s  no-cost  CIL  specification  and  parsers  would 
represent  a  strategic  step  forward  for  the  SOC  testbed.  It  would  set  the  stage  for  the  future 


28 


Monterey  Technologies.  Inc. 


Final  Report  Contract  No.  F33615-00-C-60G6 


Advanced  Interfaces  for  Satellite  Operations 


development  of  a  true  natural  language  interface  for  the  SOC,  one  that  goes  beyond  word- 
spotting  speech  recognition  to  one  that  is  capable  of  limited  understanding  of  spoken  language. 

It  is  worth  noting  that  there  is  some  debate  regarding  the  value  of  natural  language  recognition 
systems  in  mission  critical  applications.  Just  as  in  systems  where  humans  communicate  with  one 
another,  it  may  be  beneficial  to  standardize  and  constrain  the  vocabulary.  A  constrained 
vocabulary,  like  that  implemented  here,  reduces  the  likelihood  that  a  command  or 
communication  will  be  misinterpreted.  It  also  encourages  brevity.  Both  these  attributes  are  of 
value  in  the  context  of  a  satellite  control  system  in  which  communications  are  between  the 
human  and  the  machine. 

Provide  In-Context  Speech  Command  Guidance.  The  Spacecraft  Speech  Command  Scripting 
Prototype  incorporates  additional  speech  interface  features  that  should  be  given  consideration  as 
potential  near-term  enhancements  to  the  SOC  testbed  implementation.  For  example,  it  addresses 
one  of  the  major  shortcomings  of  advanced  speech  user  interfaces.  Unless  speech  is  merely  used 
as  an  alternative  means  of  activating  on  screen  controls,  the  available  speech  commands  are  not 
typically  visible,  and  therefore  users  do  not  necessarily  know  what  speech  commands  are 
available.  This  problem  can  be  addressed  with  the  introduction  of  the  “What  can  I  Say?”  feature. 
At  any  time  during  the  performance  of  an  application  a  user  can  say,  “ What  can  I  say ”  to  bring 
up  a  list  of  the  spoken  commands  that  are  available  at  that  point  in  the  application.  In  some 
respects  this  is  an  improvement  over  the  typical  GUI  approach  in  which  a  user  often  has  to 
explore  hidden  second  and  third  level  dropdown  menu  options  to  determine  which  functions  are 
currently  active  (i.e.,  looking  for  options  that  are  not  “grayed-ouf ’).  An  in-context  “What  can  I 
Say?”  feature  can  be  used  as  a  learning-aid,  reducing  the  need  to  access  on-line  help  and 
reference  documents. 

Take  Advantage  Of  New  Microphone  Technologies.  In  addition  to  speech  capabilities,  it  is  also 
recommended  that  future  plans  for  improving  the  SOC  testbed  include  a  policy  to  routinely  take 
advantage  of  the  relatively  high  return  on  investment  normally  associated  with  the  steady 
improvements  in  microphone  technology.  This  is  of  particular  importance  for  the  ultimate 
success  of  the  SOC  program.  Overcoming  the  potential  difficulties  of  achieving  acceptable 
speech  recognition  in  a  relatively  high-noise  space  control  center  operational  environment  is 
dependent  upon  improvements  in  both  noise  canceling  algorithms  and  microphones. 

Fortunately,  advancements  in  noise  canceling  and  directional  array  microphone  technologies  are 
keeping  pace  with  speech  processing  improvements.  For  example,  in  the  past  month  Acoustic 
Magic  introduced  their  Voice  Tracker  microphone  with  variable  scanning  range  settings. 

In  the  narrow-angle  mode,  the  array  microphone  will  scan  +/-  45  degrees  which  practically 
eliminates  the  impact  of  talkers  and  noise  sources  outside  this  region.  In  addition,  the  Voice 
Tracker  can  be  set  to  turn  off  during  periods  of  silence  and  when  the  sound  source  is  located 
outside  the  array’s  narrow  field  of  “view.”  The  array  turns  on  again  very  quickly  when  the  user 
resumes  talking.  In  other  words,  these  new  features  can  be  used  to  reduce  the  negative  impact 
that  spurious  words  or  sounds  from  sources  outside  the  listening  area  normally  have  on  speech 
recognition.  The  improvements  in  speech  recognition  accuracy  typically  achieved  from 
microphone  technology  enhancements  are  well  worth  the  modest  cost  of  most  new  microphones. 
For  example,  the  new  Voice  Tracker  can  be  purchased  for  about  $200.  In  addition,  use  of  the 
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SOC  testbed  for  experimentation  with  various  microphones,  including  those  developed  for  use  in 
other  AFRL  programs  involving  speech  recognition  would  be  a  near-term  project  with  potential 
benefits  to  multiple  programs. 

Provide  Limited  Natural  Language  Processing  Capability.  The  current  SOC  testbed  speech 
recognition  technology  makes  use  word-spotting  techniques  that  require  the  multi-word 
commands  to  be  spoken  in  a  fixed  order.  With  the  addition  of  a  natural  language  processing 
capability  the  user  could  speak  naturally,  using  whatever  form  of  words  that  come  to  mind.  This 
removes  the  mental  workload  associated  with  having  to  remember  the  exact  order  in  which  the 
words  must  be  spoken.  Commercial  tools  for  building  future  spoken  language  interfaces 
incorporating  a  complimentary  set  of  natural  language  processing  and  speech  recognition 
technologies  are  now  becoming  available.  The  use  of  such  tools  should  enable  the  SOC  to 
recognize  and  understand  the  meaning  of  human  speech  within  the  context  of  application 
domain,  perform  the  appropriate  action,  and  to  carry  on  a  relatively  natural  mixed-initiative 
dialogue  with  the  user.  We  will  not  come  close  to  achieving  the  level  of  language  understanding 
and  natural  dialogue  exhibited  by  HAL  in  the  movie  2001 A  Space  Odyssey  in  the  foreseeable 
future.  But  the  next-generation  SOC  should  provide  operators  with  direct  access  to  functionality, 
information,  and  computer-assisted  decision  aids  to  rapidly  and  accurately  perform  critical 
operations  such  as  re-tasking  and  complex  maneuvers.  Like  HAL,  the  SOC  could  make  use  of 
currently  available  speaker  identification  and  verification  technology  to  allow  the  system  to 
recognize  who  is  speaking  to  it  and  to  control  user  access. 

Multi-Modal  User  Interfaces 

The  most  noticeable  trend  in  the  advancement  of  human-systems  interfaces  is  the  combination  of 
individual  HSI  technologies  to  form  multimodal  user  interfaces.  Speech  technologies  represent 
the  cornerstone  in  many  of  the  new  multimodal  interface  implementations.  Multimodal  user 
interfaces  represents  a  shift  away  from  conventional  GUI  interfaces  toward  providing  users  with 
greater  expressive  power,  naturalness,  flexibility,  and  portability.  The  findings  from  several 
studies  indicate  that  well-designed  multimodal  systems  can  integrate  complementary  human 
sensory  modalities  to  yield  a  highly  synergistic  blend  in  which  the  strengths  of  each  mode  are 
capitalized  upon  and  used  to  overcome  weaknesses  in  the  other.  There  is  mounting  evidence  that 
systems  which  integrate  multiple  user  interface  technologies  such  as  natural  language  speech 
recognition,  speech  output,  gesture  recognition,  touch  input,  haptic  feedback,  eye  &  head 
tracking,  and  spatial  audio  have  the  potential  to  significantly  improve  user  performance  for  a 
variety  of  tasks.  The  performance  enhancement  potential  of  multimodal  interfaces  is  mainly 
attributed  to  their  naturalness  and  the  increased  bandwidth  with  the  use  of  multiple  sensory 
channels.  Increased  bandwidth  simply  means  communicating  more  information  per  unit  of  time, 
other  things  being  equal,  improves  the  efficiency  of  human-system  interaction  and  increased  user 
performance.  While  it  seems  likely  that  the  SOC  of  the  future  will  have  a  multimodal  interface,  it 
is  not  clear  what  combination  of  advanced  HSI  technologies  will  be  required  to  meet  future 
space  mission  performance  objectives. 

The  SPAWAR  Multi-Modal  Watch  Station  (MMWS),  described  in  a  previous  HSI  technology 
review  report,  still  represents  the  state-of-the-art  with  respect  to  a  multimodal  implementation  of 
a  SOC-like  command  and  control  console.  Briefly,  the  MMWS  is  comprised  of  multi-modal 
control  and  input  methods  including  touch,  speech,  and  eye-tracking  combined  with  multiple 
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flat-panel  displays,  3D  audio,  and  advanced  information  management  technologies.  The  MMWS 
testbed  was  used  to  conduct  a  series  of  experiments  to  examine  various  control  and  display 
configurations  including  pull-down  menus,  off-screen  function  keys,  on-screen  function  keys, 
voice  and  trackball.  Based  upon  operator  speed  and  accuracy  and  preference  data  it  was  found 
that  the  design  options  using  touch  screen,  voice  entry,  and  touch  entry  function  arrays  were 
among  the  fastest  methods.  Pull  down  menus,  as  found  on  most  commercial  software  products, 
were  among  the  slowest  function  activation  methods  tested.  Combinations  of  voice  and  touch 
activation  with  function  key  activation  by  alternate  hand  was  found  to  be  effective  in  distributing 
workloads.  Most  of  the  current  advanced  multimodal  user  interface  projects  focus  on  mobile 
applications  involving  wearable  computers,  or  command  post  applications  that  involve  extensive 
interaction  with  maps.  An  example  of  the  latter  is  Oregon  Graduate  Institute’s  RASA 
multimodal  command  post  project  that  fuses  spoken  and  gestural  information  to  interact  with 
maps.  For  example,  RASA  users  can  draw  a  line  on  the  map  and  speak  or  draw  its  type 
“FORTIFICATION,”  draw  a  closed  curve  and  speak  “LANDING  ZONE  ZULU,”  or  point  at  the 
map  or  entities  on  the  map  and  ask  questions  such  as  “WHERE  IS  SCOUT  SIX?” 

Influenced  by  the  SPAWAR  Multi-Modal  Watch  Station  project,  the  current  SOC  testbed 
architecture  was  designed  to  accommodate  a  multimodal  interface  implementation  consisting  of 
several  input  and  output  devices.  As  an  example,  the  current  SOC  testbed  includes  a  touch 
screen  interface  as  an  alternative  to  the  traditional  mouse  interface.  As  described  earlier,  this 
interface  allows  the  controller  to  simply. touch  the  desired  location  on  the  screen  and  the  effect 
will  be  the  same  as  performing  a  mouse  click  at  that  same  location.  This  basic  implementation 
of  a  touch  interface,  when  combined  with  the  available  speech  interface  capability  sets  the  stage 
for  future  multimodal  user  interface  development  and  experimentation.  Multimodal  user 
interfaces  present  many  options  in  terms  individual  HSI  technologies  and  various  combinations. 
Some  of  the  leading  candidates  with  respect  to  their  maturity,  potential  applicability,  potential 
benefits,  cost,  and  development  effort  are  presented  below. 

Speech-Touch  Interface 

The  development  of  an  integrated  speech-touch  capability  would  appear  to  be  the  next  logical 
multimodal  enhancement.  With  this  capability  the  operator  could  make  use  of  the  touch 
sensitive  screen  and  voice  input  to  access  information  regarding  a  displayed  system  component 
by  merely  touching  the  graphical  object  representing  the  system  component  and  issuing  a  verbal 
command  or  asking  a  question.  For  example,  the  operator  might  touch  a  graphical  representation 
of  a  communication  link  and  ask,  “How  much  bandwidth  is  available?”  Together,  the  speech 
and  touch  modes  have  been  shown  to  provide  complementary  capabilities  permitting  users  to 
engage  in  more  powerfully  expressive  and  transparent  information-seeking  dialogues  to  provide 
flexible  descriptions  of  objects,  events,  spatial  layouts,  and  their  interrelation.  Compared  with 
speech-only  interaction,  empirical  work  with  users  during  visual -spatial  tasks  has  demonstrated 
that  multimodal  touch/speech  interaction  can  result  in  10%  faster  task  completion  time,  36% 
fewer  task-critical  content  errors,  50%  fewer  spontaneous  disfluencies,  and  also  shorter  and  more 
simplified  linguistic  constructions  with  fewer  locative  descriptions  (Oviatt,  1 997;  Oviatt  & 

Kuhn,  1998)..  The  addition  of  an  integrated  touch-speech  capability  would  probably  improve 
SOC  operator  performance  for  a  variety  of  tasks  with  a  relatively  small  development  effort. 
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Speech-Gesture  Interface 

A  natural  extension  of  the  speech-touch  capability  would  be  the  addition  of  gesture  recognition 
product.  The  major  development  effort  would  be  associated  with  integrating  the  gesture  and 
speech  capabilities.  Multimodal  user  interfaces  with  combined  human  speech  and  gesture 
modalities  have  been  subjected  to  far  more  research  than  any  other  combination  of  the  advanced 
HSI  technologies.  These  applications  range  from  military  map-based  and  virtual  reality  systems 
for  engaging  in  simulation  and  training,  to  field  medic  systems  for  mobile  use  in  noisy 
environments,  to  standard  text-editing  applications.  A  study  comparing  the  gesture/speech 
system  with  a  standard  GUI  reported  a  3.5-fold  speed  improvement  in  the  average  entity  creation 
time,  including  overall  error  handling.  The  mean  time  to  repair  error  was  4.3  times  faster  when 
interacting  with  the  gesture-speech  interface  (Cohen,  Johnston,  McGee,  Oviatt,  Clow,  &  Smith, 
1998).  These  findings  regarding  the  improved  interaction  with  maps  and  simulation  setup  have 
possible  implications  for  the  space  operations  domain.  Several  planning  and  analysis 
applications  used  by  various  space  system  operators  and  analysts  involve  world  maps  and/or 
simulation  components  (e.g.,  STK  and  ComPlan).  A  task  analysis  of  these  and  related  space 
applications  would  likely  reveal  space  operations  tasks  that  could  potentially  benefit  from  the 
application  of  gesture-speech  interface  technology. 

Spatial  Audio  Feedback 

The  SOC  testbed  could  be  used  to  gain  experience  with  spatial  audio  technology.  Spatial  audio 
could  be  used  to  direct  an  operator’s  attention  to  a  particular  screen  in  the  current  duel  screen 
display  implementation.  A  possibly  even  better  application  for  spatial  audio  is  intelligibility 
when  multiple  sources  must  be  monitored.  It  is  much  easier  to  understand  and  identify  a  person 
when  they  do  not  share  the  same  position  in  the  audio  field  Nelson,  (Bolia,  Ericson,  and 
McKinley,  1998)..  The  cost  of  spatial  audio  is  very  small  since  it  has  recently  become  a 
consumer  item  used  to  enhance  the  realism  of  computer  games.  The  use  of  synthesized  speech 
as  an  audio  source  is  another  capability  that  is  inexpensive  to  implement.  Most  of  the 
commercial  speech  recognition  packages  provide  an  integrated  text-to-speech  feature  for  no 
additional  cost.  It  is  likely  that  the  SOC  testbed  will  be  used  to  explore  3D  spatially-oriented 
technologies  such  as  volumetric  displays,  and  partial  immersive  virtual  environments.  In  this 
case  the  use  of  the  spatial  audio  technologies  will  become  more  attractive.  However,  the  most 
compelling  reason  for  early  implementation  of  spatial  audio  is  that  it  represents  a  low-cost  low- 
risk  capability  that  will  undoubtedly  generate  some  out-the-box  thinking  regarding  the  ways  in 
which  3D  display  concepts  might  be  applicable  to  the  space  operations  domain. 

Eve-Tracking  Interaction. 

Incorporation  of  an  eye-tracking  capability  within  the  SOC  testbed  would  provide  a  potential 
useful  alternative  form  of  interaction.  Eye-movement  and  eye  gaze  interaction  should  offer  an 
easy,  natural,  and  fast  way  of  interacting  with  the  multiple  large  displays  used  in  the  current 
testbed.  In  addition,  eye-tracking  provides  a  very  direct  means  of  pointing  to  an  object  which 
can  then  be  manipulated  or  further  explored  with  the  expressive  power  of  speech.  There  are 
several  relatively  accurate  and  unobtrusive  commercially  available  eye-trackers  that  use  a 
camera  and  an  IR  light  source  to  track  gaze  by  computing  the  angle  between  the  corneal 
reflection  and  centroid  of  the  pupil.  Driven  by  potentially  lucrative  automotive  applications,  the 
technology  is  steadily  improving  and  the  relative  high  cost  of  the  current  COTS  products  is 
expected  to  rapidly  decrease. 
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The  recommended  SOC  testbed  enhancements  outlined  above  would  provide  a  relatively 
advanced  multimodal  user  interface  testbed  comprised  of  a  complementary  set  of  emerging  HSI 
technologies.  These  specific  HSI  technologies  were  selected  on  the  basis  of  their  perceived 
applicability,  maturity,  availability,  costs,  and  sensory  load  balancing  potential.  The  resulting 
next-generation  SOC  testbed  should  provide  a  valuable  vehicle  for  exploring  emerging  multi¬ 
modal  interfaces  that  allow  information  exchange  in  ways  familiar  and  comfortable  to  the  user, 
principally  through  natural  actions  in  the  sensory  dimensions  of  sight,  sound,  and  touch. 

Summaries  of  the  HSI  research  and  development  efforts  related  to  the  HSI  technologies 
recommended  for  near-term  adoption,  as  well  as  many  other  emerging  HSI  technologies  are 
presented  in  Appendix  7.  The  major  well-funded  HSI  research  and  development  programs  that 
are  likely  to  yield  integrated  operational  solutions  are  described  in  more  depth  than  the  less 
ambitious  projects  that  tend  to  focus  on  an  individual  technology.  In  any  ease,  the  information 
provided  in  Appendix  7  should  provide  a  useful  point  of  departure  for  future  HSI  technology 
monitoring  and  assessment  efforts. 

The  absence  of  other  promising  advanced  HSI-enabling  technologies  from  the  near-term 
roadmap  presented  above  does  not  preclude  their  implementation  as  part  of  the  next-generation 
SOC  testbed.  The  testbed  architecture  has  been  designed  with  a  view  to  incorporate  a  wide 
range  of  emerging  alternative  control  and  display  technologies,  as  well  as  software-based 
operator  aids  and  performance  measurement  tools.  The  architecture  provides  the  flexibility  to 
accommodate  other  HSI  technologies  that  might  be  highlighted  as  a  result  (1)  technological 
breakthroughs,  (2)  additional  task  and  mission  needs  analyses,  (3)  new  on-board  spacecraft 
capabilities,  (4)  increased  automation  of  current  manual  control  tasks,  and  (5)  a  reduction  in  the 
current  uncertainty  regarding  future  space  systems  operational  concepts. 

Evaluation  of  Advanced  HSI 

A  case  study  was  conducted  using  the  advanced  HSI  developed  during  this  program.  A  research 
note  describing  the  evaluation  in  detail  is  contained  in  Appendix  8.  Highlights  of  that  report  are 
contained  here. 

Objectives 

The  main  objective  of  this  evaluation  was  to  obtain  quantitative  measures  of  the  performance 
changes  attributable  to  the  advanced,  multi-modal  HSI. 

A  secondary  objective  of  this  effort  was  to  demonstrate  the  use  of  the  testbed  in  a  HSI  research 
tool. 

HSI  DESCRIPTION 

The  baseline  condition  was  based  on  the  COBRA  interface  used  by  CERES.  The  baseline 
interface  used  in  this  study  was  enhanced  over  the  version  used  in  CERES.  Some  of  the  major 
enhancements  were: 

•  Reduced  number  of  mouse  clicks  required  to  send  a  command 
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•  Single  mouse  and  keyboard  to  interact  with  the  system  (vice  two  required  in  the 
operational  COBRA  interface) 

•  Embedding  data  values  directly  in  the  pass  plan 

•  Presence  of  a  continuous  monitor  alerting  the  controller  to  variables  outside  the  nominal 
range 

Voice  control  to  bring  up  pass  plans  and  open  telemetry  display  windows 
The  advanced  HSI  was  described  in  detail  earlier  in  this  report.  The  advanced  HSI  included  all 
of  the  features  in  the  baseline  HSI.  It  also  allowed  multi-modal  interaction  through  voice 
recognition  and  synthesis  and  through  a  touch  screen.  The  advanced  HSI  also  included 
improved  subsystem  displays. 

An  experienced  satellite  controller  participated  in  this  evaluation.  This  controller  performed  a 
series  of  pass  plans.  The  pass  plans  were  developed  by  CERES  and  were  intended  for  use  in 
evaluations  that  were  to  have  been  conducted  in  collaboration  with  AFRL.  A  total  of  seven  pass 
plans  were  used  in  this  evaluation. 

Following  completion  of  all  of  the  pass  plans,  subjective  ratings  and  comments  were  made  by  the 
controller. 

RESULTS 


Objective  Measures.  Figure  6  shows  the  average  time  to  complete  a  pass  plan.  The  results 
indicate  that  the  pass  plans  were  performed  faster  using  the  advanced  HSI  (approximately  100 
seconds  per  pass  plan)  than  the  baseline  HSI  (approximately  250  seconds  per  pass  plan).  This  is 
a  large  increase  in  speed.  When  one  considers  the  fact  that  in  most  supports  several  pass  plans 
are  run  consecutively,  it  is  clear  that  using  the  advanced  HSI  would  allow  the  controller  to 
perform  more  tasks  during  the  time  allotted  for  a  support,  or  the  time  allotted  for  the  support 
could  be  reduced  allowing  other  users  of  the  AFSCN  to  use  those  assets. 
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Average  Time  To  Perform  Scenario 


Figure  6.  Average  time  to  complete  a  pass  plan. 


The  average  number  of  mouse  clicks  per  pass  plan  are  shown  in  Figure  7.  The  results  also 
showed  that  the  controller  made  fewer  mouse  clicks  in  the  advanced  HSI  (approximately  3  per 
pass  plan)  compared  to  the  baseline  condition  (approximately  16  clicks  per  pass  plan).  This 
indicates  that  a  voice  interface  though  the  number  of  mouse  clicks  in  the  baseline  system  used 
here  was  reduced  compared  to  the  operational  COBRA  system. 
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Average  Number  of  Mouse  Clicks  /  Touch  Screen  Presses 
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Figure  7.  Average  number  of  mouse  clicks. 

Examining  this  figure,  it  is  clear  that  in  the  enhanced  condition  the  controller  had  fewer  mouse 
clicks  than  in  the  baseline  condition.  This  result  occurred  even  though  the  controller  had  the 
option  to  perform  pass  plans  in  the  enhanced  condition.  This  suggests  to  us  that  this  controller 
had  a  preference  for  using  voice  commands  when  they  were  available,  as  opposed  to  selecting  a 
process  where  a  great  deal  of  manual  action  was  required.  One  implication  of  this  may  be  that  a 
touchscreen  has  only  a  small  added  value  compared  to  a  voice  interface  for  user  acceptance. 

These  data  may  artificially  inflate  the  number  of  mouse  clicks  used  in  the  enhanced  condition. 

In  the  testbed,  the  voice  recognition  system  only  operates  when  the  main  window  is  in  “focus”. 
That  is,  if  another  window,  such  as  a  system  diagram,  is  highlighted  then  the  voice  system  will 
not  operate.  The  controller  must  click  inside  the  main  window  whenever  another  window  gains 
focus.  (This  is  an  issue  in  the  Windows  environment.  It  is  very  difficult,  if  not  impossible,  to 
keep  the  focus  on  one  specific  window  while  others  are  being  opened.  We  have  not  developed  a 
solution  for  this  problem  as  yet.) 

Subjective  Ratines.  Following  completion  of  all  of  the  pass  plan  the  controller  made  a  series  of 
subjective  ratings  and  was  then  debriefed..  These  ratings  are  describe  in  Appendix  8.  In  general, 
the  ratings  indicate  that  the  controller  liked  the  advanced  HSI  and  felt  that  it  improved  his  ability 
to  perform  the  pass  plans.  Controller  comments  during  the  debriefing  also  indicate  that  the 
advance  HSI  was  perceived  to  be  an  improvement.  The  controller  did  note  misgivings  about  the 
ease  that  commands  could  be  sent  to  the  satellite.  This  probably  reflects  the  fact  that  in  this 
controller’s  experience  the  commands  need  to  be  cross-checked  by  others  before  they  are  sent. 

In  part,  the  need  for  this  type  of  cross  check  is  reduced  or  eliminated  by  the  use  of  pass  plans  and 
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direct  manipulation  of  graphic  representations  of  the  satellite’s  controls.  The  reduction  being 
due  to  the  elimination  of  the  need  to  type  in  a  command  and  the  attendant  possibility  of  making 
an  input  error.  (These  errors  can’t  be  caused  by  the  controller  when  performing  a  pre-approved, 
validated  pass  plan.  Nor  can  typographical  errors  occur  when  a  graphic  representation  of  a 
control  is  manipulated.  There  simply  isn’t  any  typing  on  the  part  of  the  controller.)  However, 
this  process  does  not  provide  any  check  that  the  pass  plan  being  performed  or  that  the  direct 
control  manipulation  is  correct  -  the  controller  could  make  an  error,  albeit  at  a  different  level 
than  a  typographical  error.  For  an  operational  HSI,  this  issue  needs  to  be  addressed. 


Conclusions 

This  single  subject  study  showed  that  the  potential  of  an  advanced  multi-modal  HSI  to  improve 
the  performance  of  a  satellite  controller.  The  reductions  in  average  time  to  perform  a  pass  plan 
and  in  the  number  of  physical  actions  (i.e.,  mouse  clicks  and  touch  screen  presses)  required  were 
striking.  These  findings  suggest  that  an  improved  HSI  allow  better  use  of  satellite  support  time 
and  would  allow  the  controller  to  make  better  use  of  the  control  modalities  available.  However, 
because  this  study  used  only  a  single  controller,  these  data  should  be  considered  very 
preliminary.  These  findings  would  need  to  be  replicated  before  we  could  confidently  predict 
similar  performance  gains  in  the  population  of  satellite  controllers. 

Summary 

The  goals  of  this  work  were  to  design  an  improved  HSI  for  satellite  controllers  and  to  develop  a 
testbed  for  conducting  HSI  research.  Both  of  these  goals  have  been  met. 

The  HSI  developed  during  the  course  of  this  work  allows  multi-modal  interaction.  Voice 
recognition  and  synthesis  and  a  touch  screen  interface  are  available  along  with  a  conventional 
mouse  and  keyboard  interface  for  the  controller’s  use.  The  display  formats  were  developed  to 
allow  the  controller  to  rapidly  and  accurately  determine  the  satellite’s  state  of  health,  and  to 
determine  what  remedial  action  is  required  and  to  execute  those  actions.  The  performance  with 
the  advanced  HSI  showed  a  marked  improvement  over  the  baseline  HSI.  This  result  was  found 
even  though  the  baseline  HSI  had  a  number  of  features  not  in  the  operational  COBRA  interface. 
If  the  operational  COBRA  interface  or  if  one  of  the  HSIs  used  in  the  SOPs,  was  used  as  the 
baseline  then  we  expect  that  the  differences  would  be  even  more  dramatic.  It  is  expected  that  the 
combination  of  improvements  over  existing  workstations  will  allow  controllers  with  relatively 
little  experience  or  controllers  who  infrequently  perform  supports,  to  perform  as  well  as  expert 
controllers. 

The  testbed  demonstrated  its  ability  as  a  research  tool.  We  were  able  to  prototype  the  displays 
and  controls  needed  to  complete  the  baseline  and  improved  HSIs.  Satellite  anomalies  were 
introduced  into  the  scenarios  and  removed  successfully.  The  effects  of  these  anomalies  were 
visible  to  the  controller  as  changes  in  the  values  of  the  measurands  displayed  on  the  workstation. 
Data  describing  controller  actions  data  were  collected  at  a  sufficiently  fast  rate  to  allow 
comparisons  between  conditions.  Additionally,  data  describing  the  status  of  the  satellite 
variables  were  collected  allowing  reconstruction  of  the  session  if  needed. 
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Future  development  of  the  testbed  should  be  related  to  the  specific  research  needs.  At  this  time, 
we  can  see  three  different  development  thrusts  that  could,  depending  on  the  nature  of  the  HSI 
research  being  performed,  be  useful.  The  first  is  to  increase  the  bounds  of  the  simulation  to 
include  AFSCN  linkages  and  components.  The  current  simulation  capability  deals  with  tasks 
that  occur  once  the  satellite  has  been  contacted.  There  are  a  number  of  pre-contact  tasks  that 
controllers  perform  prior  to  this  point.  For  a  “full-mission”  simulation  these  pre-contact  tasks 
should  be  included. 

The  second  direction  for  enhancing  the  testbed  is  to  increase  the  fidelity  of  the  satellite 
simulation.  As  we  have  noted  earlier,  the  DSCS  satellite  simulation  is  rudimentary.  This  level 
of  fidelity  is  sufficient  for  examining  many  tasks,  but  there  are  limits  to  its  usefulness.  A  higher 
fidelity  simulation  would  include  the  interactions  between  the  simulated  variables.  These 
interactions  are  now  approximated  by  the  experimenter  initiating  and  removing  anomalies  during 
the  simulation.  Adding  the  interactions  between  the  components  would  reduce  the 
experimenter’s  workload  and  allow  the  simulation  to  more  accurately  show  the  effects  of 
changes  in  the  satellite’s  condition. 

The  third  area  where  further  development  of  the  testbed  is  warranted  is  in  the  range  of  satellites 
simulated.  Currently,  only  a  single  satellite,  a  generic  DSCS  type  satellite,  is  simulated. 
Simulation  of  other  types  of  satellites  would  allow  researchers  to  examine  HSI  approaches 
directed  at  the  unique  features  of  other  satellites.  For  example,  one  could  imagine  a  new  HSI 
approach  focusing  on  control  of  satellites  that  use  3-axis  stabilization.  (The  DSCS  II  satellites 
are  spin-stabilized,  so  such  a  HSI  would  not  be  expected  to  have  an  effect  in  a  simulation  using 
only  a  DSCS  II  satellite.)  Including  a  range  of  satellite  simulations  would  also  facilitate  use  of 
the  testbed  to  explore  issues  that  arise  when  controllers  are  tasked  to  fly  a  constellation 
consisting  of  different  types  of  satellites.  This  is  likely  to  become  more  common  in  the  future 
than  it  is  now,  and  the  testbed  could  be  used  to  examine  the  issues  that  will  emerge. 
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ACRONYM  LIST 


ACRONYM 

DEFINITION 

AFRL 

Air  Force  Research  Laboratory 

AFSCN 

Air  Force  Satellite  Control  Network 

ASR 

Automated  Speech  Recognition 

CERES 

Center  For  Research  Support 

CIL 

Control  Interface  Language 

COBRA 

COTS  Based  Real-time  Architecture 

COTS 

Commercial,  Off-The-Shelf 

DSCS 

Defense  Satellite  Communications  System 

GUI 

Graphical  User  Interface 

PAP 

Program  Action  Plan 

HSI 

Human-  System  Interface 

IVR 

Interactive  Voice  Response 

MMWS 

Multi-Modal  Watch  Station 

MTI 

Monterey  Technologies,  Inc. 

RTS 

Remote  Tracking  Station 

SA 

Situation  Awareness 

SBIR 

Small  Business  Innovation  Research 

SDK 

Software  Developer’s  Kit 

SOPS 

Satellite  Operations  Squadrons 
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Appendix  7  -  Eclipse  Monitor  plus  Attitude  Data  Collection  -  IRON  9445 . A1  - 1 8 1 

Appendix  8  -  Health  &  Tracking  plus  Battery  1  Discharge  Monitor  plus  No  TLM 

PROCEDURE  -  IRON  9445 . A 1  -  2 1 6 

Appendix  9  -  Post  Contact  Scoring  Summary . A1  -  235 
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Appendix  10  -  Update  Support  Schedule 
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Analysis  of  Tasks  Performed  By  Satellite  Controllers 

BACKGROUND 

In  order  to  determine  how  to  best  employ  advanced  human-system  interface  (HSI)  technology  to 
improve  the  performance  of  satellite  controllers,  it  is  necessary  to  understand  the  tasks  performed 
by  the  controllers  and  to  identify  those  areas  where  the  controller’s  performance  is  hindered 
using  the  current  system  and  technology.  As  part  of  the  effort  to  meet  these  needs,  a  task 
analysis  was  performed. 

The  results  of  this  task  analysis  are  used  to  provide  a  baseline  record  of  the  actions  performed  by 
the  controllers  during  an  representative  assortment  of  supports.  This  baseline  is  used  to  identify 
areas  where  HSI  changes  are  likely  to  improve  the  performance  of  the  controller,  or  to  reduce  the 
workload  associated  with  performing  particular  tasks.  HSI  recommendations  drawn  from  this 
task  analysis  are  presented  below. 

The  data  used  in  the  task  analysis  was  obtained  in  October  2000  at  the  Air  Force’s  Center  for 
Research  Support  (CERES)  facility  at  Shriever  AFB,  CO. 

PARTICIPANTS 

Two  experienced  satellite  controllers  from  CERES  participated  in  this  task  analysis.  These 
controllers  each  had  several  years  experience  using  the  CERES  satellite  command  and  control 
system  interface.  Both  had  prior  AF  experience  as  satellite  controllers. 

BASELINE  SYSTEM 

The  baseline  satellite  command  and  control  system  used  in  this  task  analysis  is  the  COTS  Based 
Real-Time  Architecture  (COBRA)  system  at  CERES.  COBRA  is  a  proven  system  that  is  in 
day-to-day  use  at  CERES  to  command  and  control  satellites.  COBRA  consists  of  two 
workstations  which  communicate,  but  are  not  fully  integrated.  The  controllers  interact  with  the 
COBRA  system  using  a  mice  and  keyboards.  Because  the  two  workstations  are  not  fully 
integrated,  COBRA  is  configured  with  two  keyboards  and  two  mice.  The  controllers  must 
switch  between  the  left  and  right  keyboard  and  mouse  when  they  switch  between  the  left  and 
right  workstations.  Although  COBRA  has  a  “point  and  click”  type  of  graphical  interface,  the 
telemetry  screens  consist  of  alphanumeric  data,  not  graphical  representations  of  the  data. 

The  COBRA  system  is  not  used  in  any  of  the  Space  Operations  Squadrons  (SOPS),  so  far  as  we 
have  been  able  to  determine.  The  HSIs  used  in  the  SOPS  appear  to  be  text  based,  rather  than 
graphics  based,  interfaces. 

COBRA  was  selected  to  be  the  baseline  for  the  task  analysis  as  it  appears  to  be  the  current  state 
of  the  art  among  the  HSIs  implemented  and  used  operationally  by  the  Air  Force,  albeit  to  control 
Track  and  Command  Only  (TACO)  satellites  rather  than  operational  satellites.  There  are  several 
Commercial,  Off-the-Shelf  (COTS)  HSIs  that  are  more  graphically  oriented  than  is  COBRA. 
CERES  has  assessed  a  number  of  these  COTS  HSIs,  and  has  procured  two  systems  that  appear  to 
offer  performance  improvements  compared  to  COBRA.  Neither  of  these  COTS  systems  had 
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been  fully  integrated  into  the  CERES  facility  at  the  time  the  task  analysis  data  was  collected, 
although  integration  was  expected  in  the  very  near  term. 

PASS  PLANS 

A  sample  of  the  pass  plans  and  tasks  performed  by  controllers  at  CERES  were  selected  for 
analysis.  These  tasks  and  pass  plans  were  selected  in  consultation  with  CERES  subject  matter 
experts  as  covering  most  of  the  range  of  interactions  between  the  controller  and  the  system  that 
are  performed  at  CERES.  Unfortunately,  because  of  limitations  in  the  ability  to  simulate  satellite 
anomalies,  anomaly  resolution  pass  plans  could  not  be  included  in  this  analysis. 

Four  categories  of  tasks  were  identified  for  inclusion  in  these  analyses.  These  categories  are: 

(a)  Pre-pass  Tasks  Performed  Off-line 

(b)  Pre-pass  Tasks  Performed  at  the  Controller’s  Workstation 

(c)  Pass  Tasks  Performed  While  in  Contact  With  the  Satellite 

(d)  Post-pass  Tasks 

Pre-Pass  Off-Line  Task 

Schedule  deconfliction  a  pre-pass  task  selected  for  analysis.  This  task  is  performed  at  least  once 
per  day.  This  task  is  performed  after  the  daily  schedule  for  use  of  Air  Force  Satellite  Control 
Network  (AFSCN)  is  published  by  22  SOPS. 

Pre-Pass  Tasks 

Prior  to  making  contact  with  a  satellite,  controllers  configure  the  command  and  control 
workstation  and  coordinate  the  resources  necessary.  Pre-pass  procedures  for  contacts  with 
IRONS  3160  and  9445  were  analyzed.  The  pre-pass  tasks  are  the  same  regardless  of  the  satellite 
being  supported,  although  some  of  the  details  (e.g.,  antenna  pointing  angles,  power)  will  differ. 

Pass  Plans 

A  total  of  five  supports,  several  requiring  the  controllers  to  perform  multiple  pass  plans,  were 
analyzed.  These  supports  were: 

•  3160  Set  Battery  A  to  FCAOA 1  plus  Momentum  Estimation  (MOMEST)  plus  Spin  Control 

•  3160  Impact  Sensor 

•  3160  Set  Link  2  to  128K  High  plus  Set  Thermal  Control  System  (TCS  )to  Circulate 

•  9445  Eclipse  Monitor  plus  Attitude  Data  Collection 

•  9445  Health  &  Tracking  plus  Battery  1  Discharge  Monitor  plus  No  TLM  procedure 
All  of  the  controllers  task  during  a  support  are  performed  using  the  COBRA  workstations. 
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Post-Pass  Tasks 

Two  post-pass  tasks  were  analyzed:  The  post-contact  summary  and  updating  the  support 
schedule.  These  tasks  are  not  performed  at  the  command  and  control  workstations  used  during 
the  support. 

DATA  COLLECTION  METHODS 

Two  methods  of  data  collection  were  used  in  this  effort.  For  tasks  performed  by  the  controller 
prior  to  configuring  the  controller’s  workstation  and  tasks  performed  following  completion  of  the 
support  (categories  [a]  and  [d],  above),  an  analyst  recorded  the  actions  of  the  controller  in  real¬ 
time.  This  record  was  discussed  with  the  controller,  and  errors  identified  in  this  record  were 
corrected. 

For  tasks  performed  at  the  workstation,  either  leading  up  to  the  point  where  the  controller 
contacts  the  satellite  or  during  contact  with  the  satellite,  videotape  recordings  were  made  for 
subsequent  analysis.  The  majority  of  recordings  were  made  using  CERES’  capability  to  simulate 
a  support. 

In  order  to  capture  the  actions  performed  by  the  controller,  the  workstation’s  screens  were 
videotaped.  The  workstation’s  screens  were  projected  one  at  a  time  on  a  large,  wall  mounted 
screen.  This  projected  image  was  actually  videotaped,  not  the  screen  at  the  workstation.  This 
approached  eliminated  the  “scan  lines”  typical  of  recordings  of  CRT  displays.  The  satellite 
controller  selected  the  screen  that  was  projected  at  each  point  in  the  simulated  support.  This 
selection  was  based  on  the  task  that  was  currently  being  performed,  or  what  information  was 
being  examined.  For  example,  when  the  controller  was  reading  steps  from  the  pass  plan  the  left 
hand  screen  was  projected.  When  the  controller  was  examining  values  in  the  telemetry  data, 
then  the  right  hand  screen  was  displayed.  While  switching  screens  required  a  few  seconds,  and 
added  another  task  to  those  normally  performed  by  the  controller,  the  switching  of  screens  in  the 
videotape  record  improved  the  capability  of  the  analyst  to  determine  what  the  controller  was 
doing,  and  what  screen  was  being  used  to  accomplish  that  task. 

One  of  the  on-line  pre-pass  tasks  was  video  recorded  during  preparation  for  an  actual  support.  In 
this  case  both  the  left  and  right  screens  are  contained  in  each  frame  of  the  videotape.  The 
videotape  was  not  sufficient  to  allow  identification  of  the  control  action  being  performed  due  to 
the  small  size  of  the  screens  given  the  resolution  of  the  videotape.  For  the  remainder  of  the  tasks 
performed  by  the  controllers  at  their  workstations,  the  tasks  were  conducted  using  the  satellite 
and  systems  simulation  capability  at  CERES  rather  than  being  conducted  during  supports  of 
actual  satellites.  This  approach  provided  the  opportunity  to  have  the  controllers  elaborate  on 
their  actions  verbally.  It  also  allowed  the  controller  to  identify  the  screen  being  used  at  each 
point  during  the  support.  The  commentary  and  the  knowledge  of  the  screen  being  attended  to  by 
the  controller  proved  to  be  extremely  useful  when  extracting  information  from  the  videotapes. 

One  undesirable  side  effect  of  this  data  collection  and  recording  approach  is  that  it  makes  it 
impossible  to  obtain  objective  measures  of  controller  performance,  particularly  measures  of  task 
duration.  This  “cost”  was  considered  to  be  acceptable  in  this  instance  because  of  limitations  in 
the  CERES  simulation  capability  existing  at  that  point  in  time.  These  limitations  made  it 
unlikely  that  the  simulated  system  performance  and  telemetry  would  match  what  the  controller 
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would  see  if  actually  performing  a  support  with  the  prime  systems.  Therefore,  it  was  expected 
that  the  controllers  participating  in  the  task  analysis  would  unable  to  perform  at  the  same  tempo 
they  would  normally  employ  as  they  “worked  around”  limitations  of  the  simulation.  With  this  n 
mind,  the  an  effort  was  made  to  provide  rough  order  of  magnitude  estimates  of  the  time  that  each 
task  would  take  to  perform  under  normal  conditions.  These  estimates  should  be  considered  as 
being  ordinal  data  at  best,  and  caution  should  be  taken  when  interpreting  them. 

DATA  REDUCTION 

While  video  recording  the  controllers,  the  analyst  attempted  to  outline  the  tasks  that  were  being 
performed.  This  was  done  by  entering  text  into  a  spreadsheet.  In  cases  where  the  analyst  was* 
unable  to  follow  the  actions  of  the  controller,  the  analyst  paused  the  simulation  and  queried  the 
controller  in  greater  depth.  These  initial  entries  were  subsequently  augmented  with  data 
extracted  from  the  video  tape  records  of  the  simulated  supports. 

Videotape  recordings  of  the  simulated  supports  were  viewed  by  the  analyst  to  extract  the  data 
needed  to  fill  in  the  outlines  created  earlier.  Each  action  performed  by  the  satellite  controller  that 
was  identified  in  the  videotape  was  entered  into  a  spreadsheet. 

The  product  of  this  effort  is  a  set  of  spreadsheets,  one  for  each  simulated  pass  plan..  The 
information  in  these  spreadsheets  identifies  each  action  performed  by  the  controller  during  the 
simulator  support  along  with  the  modality  or  modalities  required  to  perform  those  actions. 
Estimated  times  to  complete  each  action  are  also  provided.  These  times  were  generated  by  the 
analyst  to  provide  a  rough  estimate  of  the  relative  duration  required  to  complete  each  task,  and 
are  not  based  on  objective  performance  measures  collected  during  the  simulated  support.  It  is 
expected  that  the  approximate  durations  would  be  useful  in  identifying  tasks  that  are  particularly 
time  consuming. 

RESULTS 

Task  analyses  were  prepared  for  the  tasks  described  in  Table  1.  Table  1  also  indicates  the 
appendix  that  contains  the  task  analysis  detailing  each  of  the  tasks. 
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Table  1.  Description  of  the  coni 

tents  of  each  of  the  task  analyses. 

SUPPORT  PHASE 

IRON 

DESCRIPTION 

APPENDIX 

Pre-pass  Performed  Off-line 

NA 

Schedule  Deconfliction 

1 

Pre-pass  Tasks  Performed  at  the 
Controller’s  Workstation 

3160 

Pre-pass 

2 

Pre-pass  Tasks  Performed  at  the 
Controller’s  Workstation 

9445 

Pre-pass 

3 

Pass  Tasks  Performed  While  in 
Contact  With  the  Satellite 

3160 

Set  Battery  A  to  FCAOA1  plus 

Momentum  Estimation  (MOMEST)  plus 
Spin  Control 

4 

Pass  Tasks  Performed  While  in 
Contact  With  the  Satellite 

3160 

Impact  Sensor 

5 

Pass  Tasks  Performed  While  in 
Contact  With  the  Satellite 

3160 

Set  Link  2  to  128K  High  plus  Set 

Thermal  Control  System  (TCS  )  to 
Circulate 

6 

Pass  Tasks  Performed  While  in 
Contact  With  the  Satellite 

9445 

Eclipse  Monitor  plus  Attitude  Data 
Collection 

7 

Pass  Tasks  Performed  While  in 
Contact  With  the  Satellite 

9445 

Health  &  Tracking  plus  Battery  1 

Discharge  Monitor  plus  No  TLM 
procedure 

8 

Post-pass  Tasks 

EEM 

Post  Contact  Scoring  Summary 

9 

Post-pass  Tasks 

mm 

Update  Support  Schedule 

10 

Number  of  Tasks  Performed 

A  total  of  921  individual  tasks  performed  by  the  controllers  were  identified  in  the  sample  of 
pre-support,  during  support,  and  post-support  tasks  examined  here.  Table  2  shows  the  number  of 
tasks  performed  in  each  of  the  supports. 
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Table  2.  Number  of  Tasks  Performed  By  the  Controllers. 


IRON 

DESCRIPTION 

TOTAL  NUMBER  OF  TASKS 
PERFORMED  BY  THE 
CONTROLLER 

NA 

Schedule  Deeonfliction 

29 

3160 

Pre-pass 

137 

9445 

Pre-pass 

137  “ 

3160 

Set  Battery  A  to  FCAOA 1  plus  Momentum 
Estimation  (MOMEST)  plus  Spin  Control 

236 

3160 

Impact  Sensor 

68 

3160 

Set  Link  2  to  128K  High  plus  Set  Thermal 
Control  System  (TCS  )  to  Circulate 

64 

9445 

Eclipse  Monitor  plus  Attitude  Data  Collection 

140 

9445 

Health  &  Tracking  plus  Battery  1  Discharge 
Monitor  plus  No  TLM  procedure 

83 

NA 

Post  Contact  Scoring  Summary 

8  \ 

NA 

Update  Support  Schedule 

19 

TOTAL 

921 

The  differences  in  the  total  number  of  actions  performed  in  each  scenario  reflect  the  fact  that 
different  numbers  of  pass  plans  were  performed  in  the  simulated  scenarios  ranged  from  one  to 
three. 


Modality  Loading 

Figure  1  shows  the  proportion  of  tasks  in  which  the  controller  talked,  listened,  performed  a 
manual  task,  performed  a  visual  task,  or  performed  a  cognitive/decision  making  task. 
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Percentage  of  Tasks  Using  Each  Modality 


Figure  1.  Proportion  of  tasks  in  which  the  controller  talked,  listened,  performed  a  manual 
task,  performed  a  visual  task,  or  performed  a  cognitive/decision  making  task. 


Inspection  of  this  figure  shows  that  for  ail  categories  of  tasks  considered  in  the  tasks  analyses, 
the  bulk  of  the  tasks  require  the  controller  to  manually  operate  a  control.  Looking  at  the  type  of 
manual  tasks  performed,  it  is  clear  that  the  vast  majority  involve  positioning  the  mouse  and 
clicking  the  mouse  button  to  select  something.  Other  manual  tasks,  such  as  writing  information 
down  using  a  pen  and  paper  or  typing  information  in  using  the  keyboard,  are  performed  less 
frequently. 

Closer  examination  of  the  data  in  the  task  listings  shows  that  a  very  large  number  of  mouse 
actions  are  needed  to  execute  commands.  In  fact,  to  select  a  routine  command  in  the  pass  plan 
and  then  to  execute  it  requires  four  separate  mouse  clicks.  If  the  command  is  restricted,  then  an 
additional  mouse  movement  and  an  additional  click  are  required.  It  is  likely  that  the  original 
reason  for  requiring  multiple  actions  to  cause  a  command  to  be  executed  was  to  allow  the 
controllers  (and  possibly  supervisors)  to  verify  that  the  information  entered  by  the  controller  was 
correct  before  the  command  was  up-linked  to  the  satellite.  However,  in  COBRA  the  controller 
doesn’t  enter  the  command  by  typing  it  in;  the  command  is  already  in  the  system  and  has  been 
verified  to  be  accurate.  All  the  controller  is  doing  is  causing  it  to  be  sent.  Therefore,  in  COBRA 
the  need  for  a  delay  to  allow  verification  no  longer  exists.  The  behavior  of  the  controllers  show 
that  the  controllers  are  not  using  the  multiple  mouse  clicks  to  verify  commands;  all  of  the  mouse 
clicks  occur  in  rapid  succession  and  no  effort  is  made  to  perform  any  verification.  (This  isn’t  to 
say  that  the  controllers  are  being  negligent  in  any  way.  They  simply  don’t  have  the  need  or 
opportunity  to  verify  the  accuracy  of  the  command,  which  is  essentially  a  set  of  approved 
macros.)  This  suggests  that  the  need  for  multiple  mouse  clicks  is  no  longer  applicable  and  that 
the  number  of  actions  needed  to  cause  a  step  in  the  pass  plan  to  be  executed  could  be  reduced 
without  increasing  the  probability  of  an  erroneous  command  being  sent. 
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Examination  of  the  tasks  involving  manual  action  by  the  controller  shows  that  a  larger  number  of 
mouse  clicks  are  made  to  select  the  appropriate  telemetry  screen  on  the  right  display.  This 
indicates  that  the  screens  may  not  be  arranged  or  organized  in  the  best  possible  manner.  When 
one  looks  at  the  screen  it  is  clear  that  the  alphanumeric  presentation  does  not  contribute  to  the 
controller’s  awareness  of  the  relationships  between  the  various  values.  Organizing  the  values  so 
that  their  spatial  arrangement  is  similar  to  the  spatial  arrangements  of  the  components  aboard  the 
satellite  may  be  one  way  to  facilitate  the  controller’s  awareness. 

Further  inspection  of  Figure  1  shows  that  the  next  most  commonly  performed  tasks  make  use  of 
the  controller’s  vision.  These  tasks  generally  involve  comparing  a  value  in  the  telemetred  data 
with  an  expected  value  that  is  shown  in  the  pass  plan. 

Of  course,  any  use  of  the  mouse  has  a  visual  component  to  it.  Similarly,  use  of  a  keyboard 
involves  the  use  of  vision,  at  least  for  non-touch  typists.  Vision  was  not  indicated  as  being 
central  to  either  of  those  tasks  when  developing  the  task  analysis  spreadsheets.  With  this  in 
mind,  it  is  clear  that  the  actual  use  of  the  visual  modality  is  understated  in  this  analysis.  This 
suggests  that  allowing  the  controller  to  either  gain  more  information  in  a  single  glance, 
co-locating  information  so  that  the  controller  does  not  have  to  search  multiple  locations  to 
acquire  ,  or  transmitting  information  from  the  system  to  the  controller  through  another  modality 
(e.g.,  auditory)  should  be  considered. 


Performance  Times. 

As  noted  earlier,  the  time  estimates  contained  in  the  task  listings  are  estimates  generated  by  the 
analyst.  They  are  not  based  on  objective  measurement  of  the  performance  time  in  an  operational 
setting.  These  estimates  are  only  provided  to  provide  a  rough  indication  of  the  relative  durations 
of  the  various  tasks.  It  is  likely  that  the  time  estimates  are  “worst  ease”,  and  that  the  duration 
required  by  expert  operators  will  be  considerably  shorter,  particularly  for  manual  tasks. 

In  general,  the  time  required  by  the  controllers  to  perform  each  of  the  tasks  was  only  a  few 
seconds.  Even  though  there  are  a  large  number  of  tasks  performed,  the  total  times  to  perform  the 
support  are  estimated  to  generally  less  than  10  minutes.  However,  some  pass  plans  will  require 
significantly  longer  to  perform  due  to  built-in  waiting  periods.  The  Momentum  Estimation  and 
Spin  Control  Maneuver,  and  the  Battery  Discharge  pass  plans,  for  example,  contain  steps  which 
require  the  controller  to  simply  wait  while  the  effects  of  the  commands  take  effect  and  the 
satellite  reaches  a  new,  stable  state.  These  waiting  periods  range  from  about  2  minutes  to  as  long 
as  20  minutes,  and  depending  upon  the  results  may  be  repeated. 

HSI  RECOMMENDATIONS 

Keep  Color  Coding  Accurate  and  Up-To-Date. 

During  each  support  controllers  examine  a  variety  of  telemetry  data  to  determine  the  satellite’s 
state  of  health.  Color  coding  of  data  is  one  method  used  to  help  the  controllers  identify  data  that 
is  outside  normal  limits.  This  approach  is  only  useful  if  the  color  coding  is  accurately  applied. 
Unfortunately,  a  number  of  instances  where  the  color  coding  is  was  not  correct  were  observed 
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during  the  task  analysis  simulations  and  on  other  observations  conducted  at  CERES.  This 
problem  may  be  unique  to  a  facility  like  CERES  where  the  satellites  have  outlived  their  design 
life,  often  by  significant  lengths  of  time.  An  example  of  a  typical  problem  on  such  a  satellite  is 
that  consumable  resources  (e.g.,  thruster  propellant)  have  been  depleted.  Such  a  low  level  in  an 
operational  satellite  would  likely  be  a  problem  that  should  be  brought  to  the  controller’s  attention 
by  coding  the  value  in  red,  indicating  a  critical  level.  However,  the  use  of  red  to  indicate  low 
levels  of  consumables  in  the  case  of  extremely  old  satellites  tends  to  diminish  the  ability  of  color 
coding  to  capture  the  controller’s  attention;  they  leam  to  ignore  the  color  coding.  (This  may  be 
less  of  a  problem  in  settings  where  the  satellites  are  still  operational.) 


Automate  Comparisons 

Comparisons  between  expected  values  contained  in  the  pass  plan  and  the  values  contained  in  the 
telemetered  data  should  be  automated.  During  the  pass,  the  majority  of  tasks  classified  as  being 
cognitive/decision  involve  comparing  a  data  value  in  the  telemetry  with  a  value,  or  range  of 
values,  contained  in  the  pass  plan.  These  simple  comparisons  should  be  automated,  and  the 
results  of  the  comparisons  displayed  in  a  manner  that  allows  the  controller  to  quickly  scan  and 
approve  or  disapprove  continuing.  If  continuing  is  disapproved  then  the  controller  would  make  a 
decision  regarding  the  proper  manner  to  proceed.  This  could  range  from  selecting  an  anomaly 
procedure  to  be  performed,  or  contacting  others  to  resolve  the  problem. 

Provide  Tools  to  Aid  in  Identifying  Out-of-Tolerance  Values. 

The  controllers  currently  assess  the  state  of  the  satellite  during  each  support.  This  requires 
examination  of  several  pages  of  telemetry  data,  and  a  comparison  of  the  observed  with  expected 
values.  In  order  to  maximize  the  detection  of  out  of  tolerance  values  and  to  reduce  the 
controller’s  workload,  the  task  of  comparing  each  data  item  with  its  nominal,  warning,  and 
caution  values  should  be  allocated  to  the  computer  rather  than  the  human.  This  tool  could  be 
implemented  as  either  a  continuously  running  application,  or  as  an  application  launched  by  the 
controller.  The  benefit  of  a  continuously  running  application  is  that  when  the  controller 
examines  the  page  (or  window)  containing  the  list  of  out  of  tolerance  values,  they  would  be 
assured  that  they  are  seeing  the  most  current  data.  The  potential  drawback  to  this  approach  is 
that  transient  out-of-tolerance  conditions  caused  by  the  controller  issuing  a  command  would  be 
added  to  the  list.  If,  on  the  other  hand,  the  application  was  launched  by  the  controller  then 
transients  would  not  appear  on  the  list. 

Provide  Tools  to  Assess  the  Effects  of  Selected  Actions. 

Some  commands  require  the  controller  to  wait  a  period  of  time  before  assessing  the  effect  of  that 
command.  The  waiting  period  is  somewhat  arbitrary,  and  is  usually  somewhat  longer  than 
would  be  optimally  efficient.  (A  MOMEST  procedure  is  an  example  where  there  is  a  20  minute 
wait.)  The  use  of  controller  time  and  of  system  resources  would  be  more  efficiently  used  if  the 
system  evaluates  the  convergence  of  the  parameter  to  a  new  set  point,  and  alerts  the  controller 
when  that  criterion  is  reached. 
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Provide  Tools  to  Allow  the  Controller  to  “Drill  Down”  Into  the  Data. 

The  controllers  should  have  the  capability  to  “drill  down”  and  examine  related  data  for  each 
summary  value  displayed.  This  capability  should  be  implemented  so  that  it  can  be  used  from  a 
page  showing  all  out-of-tolerance  values,  as  well  as  from  any  point  where  the  controller  has 
access  to  the  data  values. 

Activating  this  tool  would  cause  a  display  containing  the  value  of  the  particular  variable  to  be 
displayed,  along  with  the  values  of  other  variables  that  effect  the  variable.  For  example,  if  a 
battery  temperature  is  out-of-tolerance  (either  shown  in  color  in  a  display  or  listed  as  being 
out-of-tolerance)  the  controller  should  be  able  to  activate  this  tool.  When  activated,  the 
drill-down  tool  would  bring  up  a  page  showing  the  exact  voltage  of  the  battery,  its  voltage  range 
during  that  session,  and  the  states  or  values  of  other  satellite  components  that  might  cause  the 
battery’s  voltage  to  be  high  or  low.  The  other  satellite  components  that  might  be  on  such  a  page 
depends  on  the  specifics  of  the  satellite,  but  one  might  expect  the  state  of  the  thermal  control 
system  in  the  region  of  the  battery  to  be  included,  as  well  as  measures  of  electrical  system  state 
such  as  current  draw,  charging  voltage,  and  the  like. 

This  tool  should  allow  the  controller  to  access  the  history  of  the  variables  over  multiple  contacts. 
Continuing  with  the  example  of  a  battery  temperature,  the  controller  should  be  able  to  call  up  a 
display  showing  the  trend  of  the  battery  over  the  last  N  contacts  or  over  the  last  N  days  or  weeks 
(where  N  is  an  integer  defined  by  the  controller).  These  displays  should  provide  the  controller 
with  tools  to  help  define  and  interpret  the  trend.  The  tools  should  not  necessarily  be  restricted  to 
computing  and  displaying  the  linear  component  of  any  trend;  higher  order  functions  may  also  be 
needed,  depending  on  the  system. 

Reduce  the  Number  of  Manual  Tasks  Required  to  Perform  a  Step  in  the  Pass  Plan. 

The  number  of  actions  that  must  be  performed  to  execute  a  command  or  to  access  the  data  of 
interest  should  be  kept  to  the  minimum.  The  controllers  must  click  the  left  mouse  button  a  total 
of  four  times  (five  if  the  command  is  restricted)  to  execute  a  step  in  the  pass  plan.  This  large 
number  of  actions  may  be  a  legacy  from  earlier  systems,  where  each  mouse  click  allowed  the 
action  to  be  cross-checked.  However,  in  COBRA  this  is  no  longer  true;  the  controllers  simply 
make  multiple  mouse  clicks  seemingly  without  pausing  between  them.  An  additional  step  is 
warranted  when  it  provides  the  controller  an  opportunity  to  verify  that  the  action  is  in  fact  the 
action  intended,  particularly  when  the  action  could  have  a  serious  adverse  impact  on  the  satellite 
if  performed  incorrectly  or  at  the  wrong  time.  Restricted  commands  are  one  example  where 
verification  of  intent  is  appropriate. 

Eliminate  the  Need  to  Use  Multiple  Keyboards  and  Multiple  Mice. 

A  single  keyboard  and  a  single  mouse  (or  any  other  cursor  controller)  should  allow  the  controller 
to  interact  with  any  of  the  displays  at  the  workstation.  The  current  layout  of  the  COBRA  system 
requires  two  keyboards  and  two  mice.  The  left  hand  keyboard  and  mouse  allow  the  controller  to 
interact  with  the  display  on  the  left  side  of  the  workstation,  and  the  right  ones  allow  the 
controller  to  interact  with  the  display  on  the  right  side  of  the  workstation.  The  controllers  are 
continually  switching  back  and  forth  between  these  tools  to  accomplish  their  task. 
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Provide  Alternative  Methods  of  Interacting  with  the  Workstations. 

Other  methods  of  effecting  the  displays  on  the  workstation  should  be  employed.  As  can  be  seen 
in  Figure  1 ,  the  vocal  and  auditory  modalities  are  virtually  unused  during  a  contact.  This 
suggests  that  voice  recognition  and  voice  synthesis  are  likely  candidates  for  exploitation  as 
interface  methods. 

Voice  Recognition  and  Synthesis. 

Voice  recognition  would  be  useful  as  a  means  for  controlling  the  workstation.  Almost  any 
command  that  can  effect  the  display  of  data  could  be  implemented  as  a  voice  activated 
command.  Examples  include,  but  are  not  limited  to: 

•  Sending  commands  (e.g.,  “send  SARM”,  “execute  next  step  [in  the  pass  plan]”,  “reset  impact 
sensor”) 

•  Displaying  data  (e.g.,  “show  battery  temperatures”,  “show  residual  momentum”) 

•  Changing  the  way  data  is  displayed  (e.g.,  “show  on  thermometer”,  “show  digital  value”, 
show  trend  over  the  last  week”) 

Voice  synthesis  could  be  used  to  alert  the  controller  to  specific  events  of  interest,  or  to  provide 
feedback  on  the  satellite’s  status.  Examples  of  an  alerting  functions  range  from  announcing  that 
a  variable  has  changed  state  (e.g.,  “battery  1  is  overheated”,  “valve  1  is  now  closed”)  to  cueing 
the  controller  that  it  is  time  to  perform  a  task  (e.g.,  “twenty  minutes  has  elapsed,  examine  the 
residual  momentum  value”,  “it  is  now  time  to  perform  the  spin  correction  procedure”). 

The  use  of  voice  recognition  and  synthesis  will  reduce  the  dependency  on  manual  actions.  It 
also  has  the  potential  to  reduce  the  controller’s  cognitive  workload.  This  reduction  would  come 
from  eliminating  the  need  for  the  controller  to  maintain  a  cognitive  map  of  the  location  of 
telemetry  values  which  is  used  to  find  the  values  of  interest.  For  example,  if  the  controller  needs 
to  examine  a  value,  they  currently  “click”  on  the  button  that  calls  up  the  desired  telemetry  page. 
If  they  forget  where  the  variable  is  located,  they  end  up  searching  though  the  pages.  Using  a 
voice  recognition  system,  they  would  simply  state  that  they  want  to  see  a  particular  variable  and 
the  system  would  locate  and  display  that  information. 

Touchscreens. 

Touchscreens  provide  an  alternative  to  other  cursor  control  devices,  such  as  mice,  track  balls, 
joysticks,  and  force  buttons  for  interacting  with  the  workstations.  Touchscreens  are  a  mature 
technology  that  in  some  instances  offer  performance  improvements  over  mice  and  other  cursor 
control  devices.  Conditions  where  touchscreens  are  generally  superior  include: 

•  Movement  of  the  cursor  over  a  large  screen  distance  would  be  required 

•  Extremely  fine  cursor  positioning  is  not  required 

Touchscreens  are  not  a  panacea.  They  often  require  a  layer  of  material  between  the  observer  and 
the  display  surface.  This  can  degrade  the  optical  quality  of  the  display.  Furthermore,  the  use  of 
touchscreens  can  result  in  smudging  of  the  display,  and  a  consequent  loss  of  image  clarity.  In 
some  cases  this  can  reduce  display  legibility  below  acceptable  levels.  Another  shortcoming  of 
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touchscreens  is  they  usually  do  not  offer  an  input  mode  that  corresponds  directly  to  clicking  the 
center  or  right  mouse  buttons  (assuming  a  right  handed  mouse  configuration). 

3-D  Glove. 

A  3-D  glove  would  be  an  adjunct  to  the  existing  manual  interfaces.  A  3-D  glove  would  allow 
the  controller  to  perform  tasks  such  as  moving  virtual  switches  from  one  position  to  another.  It 
would  also  allow  the  controller  to  “grab”  the  image  of  the  satellite  or  its  systems  and  rotate  the 
image  so  as  to  get  a  different  perspective.  With  2-D  and  perspective  views  of  the  satellite,  this 
function  is  likely  to  be  adequately  supported  by  a  touch  screen  or  by  more  conventional  cursor 
controls. 

If  a  true  stereoscopic  image  was  presented,  then  a  3-D  glove  would  allow  the  controller  to  select 
and  manipulate  virtual  items  in  that  image.  The  need  for  a  stereoscopic  display  has  not  been 
identified  for  the  controller  tasks  examined  here.  However,  such  displays  may  be  a  useful 
control  device  supporting  future  needs  such  as  non-autonomous  robotic  servicing  of  satellites. 

Other  Input  Devices. 

The  range  of  other  cursor  control  devices  that  could  be  considered  for  the  satellite  control 
workstation  of  the  future  is  unlimited.  However,  we  have  not  identified  a  technology  that  both 
offers  a  performance  improvement  over  the  devices  mentioned  above  and,  in  our  judgement,  is 
sufficiently  mature  to  warrant  including  in  the  prototype  at  this  point  in  time.  However,  we 
would  like  to  mention  eye  tracking  briefly  here.  Eye  tracking  techniques  may  allow  the  system 
to  determine  what  the  controller  is  looking  at  each  moment  in  time.  This  could  conceivably  be 
used  in  lieu  of  other  cursor  control  devices.  However,  the  performance  claims  of  existing  COTS 
eye  tracking  systems  coupled  with  the  head  movement  limitations  and  other  constraints,  leads  us 
to  believe  that  they  are  not  yet  suitable  as  an  input  device. 

Although  these  systems  are  not  currently  adequate  as  input  devices  to  be  used  by  controllers,  we 
see  this  technology  as  being  a  potentially  valuable  objective  measure  of  the  focus  of  the 
controller’s  visual  attention  in  a  research  and  evaluation  setting.  Knowledge  of  where  the 
controller  is  looking,  and  how  long  the  controller  looks  at  that  location,  provides  an  indication  of 
how  effectively  information  is  extracted  from  a  particular  display.  Alternative  displays  can  be 
compared  in  terms  of  fixation  frequency  and  duration. 

Improve  the  Organization  of  Telemetry  Data  Displays. 

Data  that  is  needed  or  accessed  by  the  controller  at  the  same  time  should  be  located  on  a  single 
page,  and  should  be  adjacent.  With  the  current  system,  values  that  are  often  inspected  at  the  same 
step  are  not  in  close  proximity,  and  may  even  be  on  different  pages. 

Adaptive  organization  of  data  displays  is  one  approach  that  should  be  considered.  The  grouping 
of  variables  would  be  tailored  to  support  the  controller  accomplish  the  immediate  task.  This 
requires  the  control  workstation  to  know  nr  infer  the  intent  of  the  controller,  and  the  information 
needed  to  satisfy  that  intent.  For  example,  if  the  controller  was  verifying  battery  voltages  in  the 
spacecraft,  then  a  page  would  be  displayed  in  which  data  from  all  of  the  batteries  is  displayed.  If 
the  controller  was  examining  the  effects  of  temperatures  in  a  portion  of  the  satellite,  then  the 
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battery  voltage(s)  from  the  part  of  the  satellite  being  examined  would  be  displayed  along  with 
other  temperature  sensitive  measures. 

With  the  COBRA  system,  some  variables  are  listed  on  multiple  pages.  While  this  may  require 
the  controller  to  memorize  the  multiple  locations  in  order  to  find  a  value  when  it  is  needed,  it 
does  have  the  potential  to  limit  the  need  for  the  controller  to  call  up  multiple  pages  in  order  to 
view  all  of  the  data  items  of  interest.  Unfortunately,  the  current  organization  of  the  telemetry 
pages  does  not  group  the  data  based  on  the  needs  of  the  controller  at  that  point  in  the  support. 
Therefore,  the  controller  often  is  required  to  switch  pages  to  see  all  of  the  data  of  interest. 


Normalize  Data  Values. 

In  order  to  allow  controllers  to  support  multiple  types  of  satellites  more  easily,  normalized  values 
should  be  presented  rather  than  raw  values.  Currently,  data  pages  the  raw  values  of  variables. 
The  values  that  are  within  tolerance  often  differ  between  satellites.  Since  the  raw  values  are 
relatively  unimportant  in  terms  of  assessing  satellite  health,  the  values  should  be  presented  in 
normalized  form.  For  example,  the  voltages  and  temperatures  of  batteries  should  be  100%  when 
nominal.  This  would  allow  the  controller  to  quickly  determine  if  any  values  are  out-of-tolerance 
without  requiring  reference  to  a  specific  value  shown  in  a  pass  plan,  and  without  requiring  the 
controller  to  memorize  and  recall  the  values  that  are  appropriate  for  that  satellite.  (Using  raw 
values  can  be  a  bigger  problem  when  the  ideal  values  are  easily  confused,  for  example  33.6 
degrees  and  36.3  degrees  as  opppsed  to  33.6  degrees  and  12.0  degrees.  Use  of  nominal  values 
avoids  this  problem  entirely.) 

Fuse  Satellite  State  of  Health  Data  into  a  Summary  Display. 

Data  from  the  satellite  should  be  fused  into  a  single  summary  display  area.  The  summary  should 
indicate  the  overall  state  of  health  of  the  satellite  at  that  point  in  time,  and  indicate  where  trends 
in  the  state  of  health  should  be  examined  by  the  controller.  The  goal  of  this  display  is  to  allow 
the  controller  to  quickly  determine  if  all  systems  are  nominal,  and  if  not,  which  systems  require 
attention.  Currently,  the  controller  identifies  out  of  tolerance  systems  by  examining  the  raw 
telemetry  pages  manually;  the  system  does  not  provide  support  for  detection  of  problems  other 
than  color  coding  of  telemetry  values. 

Auditory  alerting  of  changes  in  the  satellite’s  state  of  health  during  a  contract,  or  from  the  last 
contact,  should  accompany  the  visual  display.  The  type  of  auditory  alert  needs  to  be  considered 
further.  Two  options  are  a  tone  and  voice  alerts.  A  tone  is  simple  to  generate,  and  would  be 
used  to  call  the  controller’s  attention  to  the  display.  At  that  point  the  controller  would  examine 
the  display  and  make  a  determination  of  what  systems(s)  is  in  an  anomalous  state.  A  voice 
warning  could  be  used  to  provide  the  controller  additional  information  about  the  nature  of  the 
problem,  or  even  advice  on  how  to  proceed. 

Positioning  of  Data  Scanned  Continuously  bv  the  Controller. 

Data  that  is  scanned  consistently  during  a  support,  the  once  per  second  data  indicator  for 
example,  should  be  grouped  together  and  positioned  in  a  dedicated,  readily  visible  screen 
location.  This  will  allow  the  controllers  to  develop  and  use  a  scan  pattern.  A  structured  scan 
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pattern  will  increase  the  probability  that  a  controller  will  be  able  to  accurately  and  quickly 
identify  changes  in  the  system’s  status  that  effects  the  ability  to  perform  the  support. 

Provide  Indication  of  System  Problems. 

The  task  analysis  shows  that  the  controller  is  not  extensively  aided  in  evaluating  the  state  of  the 
systems  used  to  perform  the  satellite  support.  To  better  support  the  controller  we  recommend 
that  the  controller  be  alerted  when  built  in  testing  detects  a  problems  or  conditions  that  could 
effect  the  accuracy  of  the  telemetry.  This  will  require  development  of  system  tests  which  run 
continuously  in  the  background.  (These  are  sometimes  referred  to  as  Continuous  Built-In  Tests 
[CBIT].)  For  example,  the  system  should  monitor  the  data  coming  from  the  primary  and 
alternate  communications  paths.  When  the  data  is  not  identical,  then  there  is  a  possibility  that 
the  data  being  observed  and  evaluated  by  the  controller  is  not  accurate;  the  workstation  may  be 
displaying  the  “good”  data,  or  it  may  be  displaying  the  “bad”  data  which  could  be  mistaken  as 
indicating  a  problem  with  the  satellite.  Alerting  the  controller  that  the  data  from  the  two  sources 
isn’t  the  same  would  allow  the  controller  to  more  accurately  make  a  determination  if  there  is  a 
real  problem  with  the  satellite,  or  if  the  observations  are  anomalous  because  of  problems 
unrelated  to  the  satellite.  Making  this  determination  accurately  and  quickly  could  allow  a  critical 
support  to  continue,  rather  than  having  the  controller  mis-use  time  diagnosing  the  source  of  the 
problem. 


Provide  an  Estimate  of  the  Time  Required  to  Perform  Each  Procedure. 

The  estimated  time  required  to  perform  each  procedure  should  be  made  available  to  the 
controller,  and  cross  checked  against  the  remaining  support  time.  In  the  event  of  an  anomaly,  the 
controller  makes  a  determination  of  what  procedures  need  to  be  run,  if  any,  to  rectify  the 
problem.  In  some  cases,  there  may  not  be  enough  time  left  in  the  scheduled  support  to 
accomplish  the  anomaly  procedure,  or  to  accomplish  the  procedure  without  eliminating  other 
support  objectives.  In  order  to  make  good  decisions  on  how  to  proceed,  the  controller  needs  to 
be  aware  of  the  expected  duration  of  the  anomaly  procedure,  and  which  of  the  remaining  tasks 
can  be  completed.  It  may  well  he  that  the  controller  decides  to  request  an  extension  to  the 
support.  In  this  case,  providing  a  realistic  estimate  of  the  length  of  extension  required  would 
allow  more  efficient  scheduling  of  AFSCN  assets.  Alternatively,  the  controller  may  elect  to 
either  postpone  performance  of  the  anomaly  procedure,  or  may  elect  to  drop  lower  priority  tasks 
from  the  support.  In  either  case,  knowing  the  expected  duration  will  allow  the  controller  to  make 
better  decisions  regarding  time  allocation  during  the  support. 
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d  briefing 
(antenna 
pointing 
angles 
[azimuth 
&. 

elevation 

in 

degrees], 
expected 
range  in 

TASK 

DESCRIP 

TION 

TASK  ID 

1.11.10 

£ 

CM 

T- 

1.11.13 
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NOTES 

The  timing 
of  this  call 
depends 
on  how 
long  it 
takes  FC 
to  set  up 
their  part 
of  the 
svstem 

Simply 

say 

"Roger 

FC"  or 
"Copy  FC” 
to 

acknowle 
dge  that 
controller 
heard 
them 
confirm 
that  they 
have  their 
part  of  the 
system 
set  ud 

This 
appears 
to  be 

about  4  or 

5  mouse 
clicks  on 
the  left 

screen 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 

o 

o 

o 

o 

o 

CO 

o 

o 

o 

EQUIPME 

NT 

Phone 

Phone 

Mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

LISTEN 

X 

TALK 

X 

\ 

SUBTAS 

K 

DESCRIP 

TION 

Listen  for 
call  from 

FC  that 
resources 

are 

configured 

as 

requested 

Confirm 
that  you 
heard  call 
from  FC 
reporting 
resources 

are 

appropriat 

ely 

configured 

Set  up  the 
software 
so  that 
you  can 
later 

SARM  the 
ARTS 

TASK 

DESCRIP 

TION 

Get 

feedback 
from  FC 
regarding 
resource 
avaiability 

Connect 

Software 

2 

cc 

<3. 

CO 

TASK  ID 

1.12 

1.12.1 

CM 

c\j 

1.13 

1.13.1 
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NOTES 

SARM  is 
an 

acronym 
for  "Set 
Asynchron 
ous 

Response 

Mode" 

This  is 
usually 
quick  as 
the  ARTS 
operator  is 
already  on 
the  ohone 

Time  can 
be 

variable. 

It  depends 
on  what 
other 
tasks  FC 
is 

performin 

g 

FEEDBA 

CK 

ARTS 
operator 
reports 
that  they 
are  ready 
to  SARM 

once  per 

second 

data 

should 

begin  to 

increment 

FC 

answers 
the  phone 

m 

yj  £ 

I 

H*  }z 

o 

o 

o 

o 

0:00:05 

0:00:15 

o 

d 

o 

d 

0:00:10 

m 

m 

^  h 

02 

a 

m 

phone 

phone 

mouse, 
left  display 

Left 

display 

Phone 

Phone 

Phone 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

LISTEN 

X 

X 

TALK 

X 

X 

X 

SUBTAS 

K 

DESCRIP 

TION 

Ask  ARTS 
if  they  are 
ready  for 
a  SARM 

Listen  for 
reply  from 
ARTS, 

Click  on 
button  to 
SARM 

Verify  that 
communic 
ations  are 
establishe 
d  as 

expected 

Confirm  to 
ARTS  that 
SARM 
has  been 
completed 
and  that 
you  have 
communic 
ations 

Mfg-J 

Wait  for 

FC  to 

acknowie 

dge 

TASK 

DESCRIP 

TION 

TASK  ID 

1.14.1 

1.14.4 

1.14.5 

<o 

1.14.7 

oq 

XT 

1.14.9 
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CO 

ui 

\- 

O 

z 

In  this 
case,  all 
that  came 
up  was 
narrow 
band. 
Controller 
asked  FC 
to  look 
into  why 
there 
wasn't  a 
wide  band 
connectio 

n 

CD 

P  5 

< 

CD 

Q  * 

ID  O 

UJ 

LL 

CD 

S2  g 

®  XI 
$  CL 

li  (Ct 

» 

UJ  E 
S£« 

H  if 

o 

T— 

6 

o 

6 

o 

o 

o 

6 

o 

d 

o 

o 

Ui 

2 

9z  H- 

5z 

O 

UI 

CD 

C 

o 

x: 

a. 

CD 

c 

o 

x: 

CL 

CD 

c 

o 

x: 

CL 

CD 

c 

o 

-C 

CL 

in 

CO 

1 

UJ 

o£ 

loa 

“  ui 

DC 

■ 

COGNITI 
VE  /  • 
DECISIO 

N 

-J 

< 

z> 

CO 

> 

>- 

1- 

-J 

< 

Q 

O 

5 

-i 

< 

=> 

Z 

< 

2 

Z 

UJ 

h 

(0 

HI 

X 

* 

j 

X 

X 

SUBTAS 

K 

DESCRIP 

TION 

When  FC 
acknowle 
dges  tell 
them  that 
you  have 
connectio 
n 

o 

ll 

ro 

O 

Listen  for 
FC  to 
come  up 
on  the 
phone 

o  >■> 

—  T>  2 

PS1*-  03 

LL  ©  c 

jc  -S  CD  m  £ 

U)  O  ®  ®  (D 

<  O  g  (B  S) 

Q- 

*  od  z 
cooo 

a 

No  wide 
bard 

cornectio 
n  p  oblem 
resolution 
(In  this 
case,  only 
the  narrow 
bard 

communic 
aticn  link 
between 
ARFS  and 
the 

controller’ 

s 

woikstatio 

n) 

1 

9 

CO 

< 

k 

o 

T- 

m 

■ 

CO 

in 

T— 
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NOTES 

FC  may 

have  the 

controller 

standby 

while 

making 

this 

determinat 

ion 

Time  is 
variable 

This 
action 
depends 
on  what 
problem,  if 
any,  is 
reported 
by  FC 

< 

m 

a  * 

LU  O 

m 

u. 

* 

FC  reports 
whether  or 
not  they 
are 

getting 
data  from 
DSCS 

ARTS 
operator 
answers 
the  phone 

ARTS 
operator 
responds 
affirmative 
ly  or 

negatively 

TIME 

(hh:mm;s 

s) 

o 

o 

o 

o 

o 

d 

o 

d 

O 

d 

o 

d 

o 

d 

o 

d 

o 

o 

o 

o 

LLi 

s 

o 

LU 

<D 

C 

o 

JZ 

Q. 

m 

c 

o 

JZ 

£L 

a> 

c 

o 

JZ 

CL 

m 

c 

o 

JZ 

CL 

CD 

C 

o 

JZ 

0- 

c 

o 

JZ 

CL 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

P  o 

Z  ""  C/5 
1^02 
O  ^  iu 

O  D 

VISUAL 

MODALITY 

MANUAL 

LISTEN 

X 

X 

X 

< 

i- 

X 

X 

X 

SUBTAS 

K 

DESCRIP 

TION 

data  on 
the  wide 
band  CCS 
port 

FC 

responds 

affirmative 

or 

negative 

Call  ARTS 

Listen  for 
ARTS  to 
come  up 
on  the 
phone 

Ask  ARTS 
to  verify 
that  they 
are  in 
MCSOC" 
("see  - 
sock") 
node 

Listen  for 
FC  or 

ARTS  to 

report 

back  after 

they 

check 

their 

systems 

Tell  FC 
that  you 
are  going 
to  "SARM 
again" 

TASK 

DESCRIP 

TION 

TASK  ID 

LO 

— 

to 

ID 

T— 

CO 

ID 

h- 

iri 

CO 

to 

o> 

LO 
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NOTES 

there  can 
be  some 
time 

variability 
depending 
on  how 
fast  the 
satellite  is 
tracked 

FEEDBA 

CK 

ARTS 

operator 

either 

confirms 

communic 

ations  with 

the 

satellite, 
or  reports 
that  they 
are  not 
communic 
ating 

Satellite 
range  will 
be  shown, 
and  the 
once  per 
second 
data  will 
increment. 
Range 
and  APAs 
should  be 
close  to 
the 

expected 
values 
briefed  by 
the 

controller 

earlier 

TIME 

(hh:mm:s 

s) 

o 

o 

o 

o 

o 

o 

o 

o 

0:00:15 

IN 

atAidinoa 

Phone 

Phone 

Left 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

H  O 

Z  ^ 

o^oz 

O  ^  LU 

O  Q 

X 

VISUAL 

X 

MODALITY 

MANUAL 

LISTEN 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

Instruct 
ARTS  to 
configure 
for  contact 
and  to 
acquire 
the 

satellite 

Listen  for 

ARTS  to 

confirm 

that  they 

have 

acquired 

the 

vehicle 

Observe 
that  you 
are 

getting 

expected 

data 

TASK 

DESCRIP 

TION 

l 

Coitiue 
troublesho 
oting  the 
lac<  of 
wiceband 

TASK  ID 

CO 

CD 

1*16.4 

in 

CD 

1.17 
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88 


changed  a 
patch  cord 


system  to 
cortinue 
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NOTES 

about  4 
mouse 
dicks  on 
the  left 
screen 

Time  is 
variable, 
depending 
on  what 
other 
tasks  FC 
is  doing 

FEEDBA 

CK 

If  antenna 
angles  are 
sent 

successful 
ly,  it 

indicates 
that  the 
communic 
ations  link 
between 
the  ARTS 
and  the 
controller’ 
s 

workstatio 
n  is 

working. 

FC 

answers 
the  phone 

TIME 

(hh:mm:s 

s) 

o 

CO 

6 

o 

6 

m 

o 

o 

o 

o 

i — 

o 

o 

o 

EQUIPME 

NT 

mouse 

(multiple 

clicks) 

>, 

CCS 

OL 

CO 

T3 

& 

© 

Phone 

Phone 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

' 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

LISTEN 

l 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

Click  to 

send 

antenna 

pointing 

angles  to 

ARTS 

Monitor 
display  to 
verify  that 
the  angles 
are  being 
sent  out 
from  the 
controller’ 
s 

workstatio 
n  and  are 
being 
used  by 
the  ARTS 
t  point  the 
antenna 

o 

O  §  m  c 

£  JZ  ®  fl> 

«  ®  c  *6  >, 
O  no  >  « 

Listen  for 
FC  to  be 
on  the 
voice 
system 

TASK 

DESCRIP 

"HON 

Cortinue 
troiblesho 
otirg  lack 
of 

wideband 

i 

TASK  ID 

1.18.1 

1.18.2 

o> 

05 

1.19.2 
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m 

tii 

h* 

o 

z 

This 

would 

indicate 

whether 

the 

problem  is 
between 
ARTS  and 
FC,  or 
between 

FC  and 
the 

Controller' 

s 

workstatio 
n.  The 
controller 
uses  his 
or  her 
knowledg 
e  of  the 
AFSCN  to 
guide  the 
actions 
taken  to 
troublesho 
ot  the 
oroblem. 

It  may 
take  a  few 
minutes 
for  FC  to 
connect 
the 

equipment 
needed  to 
monitor 
the 

communic 
aitons  (ie., 
an 

ocilliscope 

FEEDBA 

CK 

FC 

reponds 

by 

announcin 
g  that  they 
are  ready 
to  monitor 
the 

communic 

ations 

electronic 

ally. 

TIME 

(hh:mm:s 

s) 

o 

d 

o 

o 

EQUIPME 

NT 

Phone 

Phone 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGN1TI 

VE/ 

DECISIO 

N 

VISUAL 

> 

i- 

< 

a 

o 

5 

MANUAL 

LISTEN 

X 

TALK 

X 

5UBTAS 

K 

DESCRIP 

TION 

Ask  FC  to 
see  if  they 
are 

receiving 
wideband 
data  from 
the  ARTS 
(This 
required 

FC  to 
hook  up 
an 

oscilliscop 
e  to  their 
equipment 
so  that 
they  can 
visually 
determine 
if  they  are 
receiving 
data  from 
the  ARTS) 

Listen  for 
FC  to  tell 
you  that 
they  are 
ready  to 
monitor 
communic 
ations 

i 

i 

TASK 

DESCRIP 

HON 

j 

i 

i 

□ 

* 

J 3 

c£ 

1.19.3 

1.19.4 
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NOTES 

In  this 
case,  it 
appears 
that  the 
problem 
was 

between 

FC  and 
the  ARTS. 

A  high 
battery 
temperatu 
re  was 
found  on 
examinati 
on.  The 
controller 
was  so 

familiar 
with  the 
nominal 
values 
that  the 
out  of 
tolerance 
value  was 
recognize 
d. 

However, 
because 
the  color 
coding  is 

FEEDBA 

CK 

FC  reports 
wheter 
they  saw 
a  change 
in 

communic 
aitons  as 
a  result  of 
the  SARM 
being 
resent 

TIME 

(hh:mm:s 

s) 

in 

o 

6 

o 

6 

o 

o 

o 

o 

EQUIPME 

NT 

mouse, 
left  display 

Phone 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

. 

X 

MODALITY 

MANUAL 

X 

LISTEN 

X 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  to 
send 

SARM 
command 
when  FC 
is  ready 

Listen  for 
FC 

feedback 
on  result 
of  sending 
SARM 

Examine 
telemetry 
for  data 
outside  of 
allowable 
ranges 

TASK 

DESCRIP 

TION 

Coitinue 

support 

ushg 

available 

assets 

TASK  ID 

1.19.5 

1.19.6 

1.20 

1.21.1 
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NOTES 

Solaris 
operating 
system  on 
the 

COBRA 
system  at 
CERES 

FEEDBA 

CK 

Cursor 
moves  to 
the  next 
field 

System 

begins 

booting 

Cursor 
moves  to 
the  next 
field 

system 

begins 

booting 

m  E 
*§  E  sT 

H  if 

0:00:15 

6:00:05 

0:00:15 

0:00:05 

0:00:15 

in 

o 

o 

o 

6 

0:00:15 

0:00:05 

EQUIPME 

NT 

kbd,  left 

workstatio 

n 

kbd,  left 

workstatio 

n 

kbd,  left 

workstatio 

n 

kbd,  left 

workstatio 

n 

kbd,  right 

workstatio 

n 

kbd,  right 
workstatio 
n 

kbd,  right 

workstatio 

n 

kbd, right 

workstatio 

n 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

>► 

H 

-1 

< 

Q 

O 

5 

MANUAL 

X 

X 

X 

X 

X 

X 

X 

X 

LISTEN 

TALK 

</)  E: 

J  DC  z 

^  lu 

C/3  Q 

On  left 
workstatio 
n  enter 
USERID 

Press,  the 

ENTER 

key 

On  left 
workstatio 
n  enter 
PASSWO 
RD 

Press  the 
ENTER 

Jm _ 

On  right 
workstatio 
n  enter 
USERID 

Press  the 

ENTER 

key 

On  right 
workstatio 
n  enter 
PASSWO 
RD 

Press  the 

ENTER 

key 

TASK 

DESCRIP 

TION 

Logon  to 
both 

workstatio 

ns 

Check 

system 

status 

TASK  ID 

ir— 

r— 

T~ 

Ol 

t— 

CO 

T— 

1.1.5 

1.1.6 

1.1.7 

1.1.8 

Cvl 
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NOTES 

Controller 

must 

know  how 
outage 
will  effect 
plans  for 
the 

current 
contact 
and,  if 
there  are 
outages, 
the  “work 
arounds" 

this  brings 
up  the 

Main 
Control 
Panel  on 
the  left 
workstatio 

n 

• 

FEEDBA 

CK 

A  pop  up 

menu 

appears 

the  only 
indication 
of  a 
system 
hang  up  is 
that  the 
messages 
don't 
update. 

TIME 

(hh:mm:s 

s) 

o 

CO 

o 

o 

o 

in 

o 

o 

o 

o 

0:00:05 

o 

o 

o 

d 

EQUIPME 

NT 

mouse, 

left 

workstatio 

n 

mouse, 

left 

workstatio 

n 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  /  . 
DECISIO 

N 

X 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Look  at 
ESD  to 
identify 
known 
system 
outages 
that  could 
impact  the 
ability  to 
communic 
ate  with 
the 

satellite 

Click  on 

Ul  (icon 
on  the 
lower  left 
of  the 
screen)  on 
the  left 
workstatio 
n 

Click  on 
the  REAL 
TIME 
SESSION 
button 

Scroll 
down  and 
select 

VEH  944 
5_OPS 

TASK 

DESCRIP 

TION 

!!§ 

tr 

co  2 
U)£ 

TASK  ID 

1.2.1 

CO 

1.3.1 

1.3.2 

1.3.3 
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C/5 

1U 

H 

o 

z 

< 

CD 

Q  ^ 

LU  o 

LU 

IL 

Two 

windows 

will 

appear 

when  this 

is  done; 

Alarm, 

Warnings 

&  Errors 

(AWE) 

and  Real 

Time 

Session 

Executive 

Panel 

(Main 

Control 

Panel, 

MCP) 

A  pop  up 

window 

appears 

1 

m 

ui  E 

I  £  *T 

H  £ 

ID 

O 

d 

o 

o 

iO 

o 

o 

o 

o 

ID 

O 

o 

o 

o 

ID 

o 

o 

o 

o 

UJ 

s 

fcK 

DZ 

o 

Ul 

o 

o  S 

s  ^ 

oeo 

§  c 

0 

<D  1 
§  1 
or  o 

E  ®  £  c 

>S 

m 

®  S' 

§^6 
o  rr 
£  ® 

© 

m 

3 

O 

E 

© 

<n 

3 

O 

E 

Ul 

o  y 

u_  5 

V) 

m 

o5 

zoD 

—  Ul 

m 

h  o 

2  ^  C/5 

O  ^  ul 

O  Q 

-J 

< 

3 

C/5 

> 

X 

1 

>- 

K 

< 

D 

O 

S 

-1 

< 

3 

Z 

< 

S 

X 

X 

1 

X 

X 

X 

z 

UJ 

€0 

-J 

1 

-1 

< 

h- 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
VEH  944 
5_0PS 

O 

-X 

b 

Click  FILE 
in  the 
Real-Time 
Session 
window 

0 

©  UJ  Z 
a>  0.  O 
co  O  O 

¥ 

O 

0 

b 

CL 

*  CC  z 

2  o  o 

<i ftp 

Ul  I— 

D 

%E 

13  m 

C/5  © 

^  co  ^5 

■C  «  ^ 
©  ©  © 
>  CO  CO 

o 

¥ 

< 

H 

CO 

ID 

CO 

T- 

T— 

C\J 

Tf 

CO 

to 
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NOTES 

FEEDBA 

CK 

no  time 
out  or 
failure 
messages 

Eleven 
applicatio 
ns  will 
load.  A 
double 
asterisk 

n 

indicates 
loading  is 

TIME 

(hh:mm:s 

s) 

0:00:20 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

AWE 

window 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Look  at 
the  Alarm, 
Warnings 
&  Errors 
(AWE) 
window 
and  see 
that  you 
get  the 
DOWNLO 
AD 

COMPLE 
TE  FOR 
ALL 

D!  RECTO 
RIES 
message 
and  no 

error 

messages 

Click  FILE 
in 

Realtime 

Session 

window 

Click  on 
OPEN 
CONFIGU 
RATION 

Highlight 

2-START- 

APPS- 

SYS00.CF 

G 

Click  OK 

TASK 

DESCRIP 

TION 

Start 

SYS500 

TASK  ID 

1.5.1 

CD 

r* 

1.6.1 

1.6.2 

1.6.3 

1.6.4 
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NOTES 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 
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0:00:05 

to 

O 

O 
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EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 
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REQUIRE 

D 
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VE  / 
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N 

X 
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X 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  OK 

Click  FILE 
in  the 
executive 
Session 
Window 

Click 

OPEN 

CONFIGU 

RATION 

Highlight 

3-START- 

APPS- 

POST- 

SYS500.C 

FG 

Click 
APPLICA 
TIONS  on 
the 

REALTIM 

E 

SESSION 

WINDOW 

Click 

MONITOR 

Observe/v 

erify 

applicatio 
ns  launch 

Click  OK  if 
all 

applicatio 
ns  lauch 
successful 
!& _ 

Click 
APPLICA 
TIONS  in 
REALTIM 

E 

SESSION 

TASK 

DESCRIP 

TION 

TASK  ID 

1 ,9.3 

,=r 

CD 

LO 

03 

1.9.6 

n- 

03 
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03 

Q> 
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maximize 
the  G2 
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co 

ui 

H 

O 

2 

RGF  = 
Remote 
Ground 
Facility 

1 

■ 

■ 

< 

CD 

Q  V 

Ui  O 

UI 

LL 

If  there  is 
a  problem, 
the  list  will 
freeze 
and  you 
will  get  a 
"Validatio 
n  Failed” 
message 
on  the 
screen 

RGF 
name 
entered 
into  field 

■ 
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_J 
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H 

SUBTAS 

K 

DESCRIP 

TION 

Verify  that 
the  time  is 
the  same 
and 

correct  on 
both 

workstatio 
n  screens 
and  on 
the  clock 
mounted 
in  the 
console 

Click 

ARTS  on 
the  ACM 
panel 

JC 

g> 

Z  LL 

OD(J5 

X  X 

* 

O 

-X 

o 

b 

Verify  that 
the  ARTS 
selected  is 
correct 
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z 

This 

shows  the 
Antenna 
Pointing 
Angles. 
These  are 
needed 
for  the 
briefing. 
You  can 
leave  the 
window 
up  or  write 
the  angles 
down 
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Click 

SHOW 

APA 

PROFILE 
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phone 

contacts 

to  set  up 
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CO 

UJ 

H 

o 

z 

The 

controller 

listens 

and 

identifies 
any  errors 
in  the 
read  back 

Any  things 
that  FC 
read  back 
incorrectly 
must  be 
corrected 
by  the 
controller 

< 

m 

o  * 

LU  O 

LU 

LL 

ARTS 
operator 
reads 
back  the 
key  parts 
of  the 
briefing. 
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SUBTAS 

K 

DESCRIP 

TION 

Listen  to 
readback 
from 

ARTS 

Confirm 

readback 

accuracy 
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m 

iu 

H 

O 

z 

Ususally 
just  say 
"copy"  to 
confirm 

< 

GQ 

a 

IU  o 

uj 

u. 

ARTS 

operator 

indicates 

readiness 

to  receive 

briefing 

in 

iu  £ 
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.C 

o 
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o 

o 

o 

o 

o 

O 
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CL 

Phone. 
Written 
briefing 
outline  is 
in  the 
procedure 
s  book  for 
that 

satellite 

U1 

tg 

CO 
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X 
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K 

DESCRIP 

TION 

Confirm  to 
ARTS 
operator 
that  you 
understoo 
d  name 
and 
system 
status, 
and  that 
the  time  is 
correct. 

Tell  ARTS 
operator 
that  the 
Unclassifi 
ed  briefing 
is  coming 

Provide 

unclassifie 

d  briefing 

(antenna 

pointing 

angles 

[azimuth 

elevation 

in 

degrees], 

expected 

range  in 

nautical 

miles, 

when  to 

go  active 

[King's 

directive], 

when  to 

enable 

uplink 

mod, 

SGLS 

channels 

.uplink 

power, 
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o 

z 

If  the 

readback 

is  not 

correct 

then  the 

controller 

must 

correct  the 

ARTS 

operator. 
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CD 
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ID 

ID 

ARTS 
operator 
reads 
back  key 
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lost  comm 
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to  use) 
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3  -D 
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O  S 

tr  2 

Listen  to 

readback. 

Compare 

values  in 

readback 

with 

expected 
values  on 
briefing 
page 

Confirm 

accuracy 

of 

readback 

Tell  ARTS 
operator 
to  stand 
by  for 
prepass 
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UJ 

H 

o 

Z 

The  timing 
of  this  call 
depends 
on  how 
long  it 
takes  FC 
to  set  up 
their  part 
of  the 
system 

Simply 

say 

"Roger 

FC"  or 
"Copy  FC" 
to 

acknowle 
ddge  that 
you  heard 
them  tell 
you  that 
they  have 
their  part 
of  the 
system 
set  up 

This 
appears 
to  be 

about  4  or 

5  mouse 
clicks  on 
the  left 
screen 

< 

CD 
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Ul 

LL 

FC 

announce 
s  that  the 
configurati 
on  is  as 
requested 
by  the 
controller 
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Listen  for 
call  from 
FC  that 
resources 

are 

configured 

as 

requested 

Confirm 
that  you 
heard  call 
from  FC 
reporting 
resources 

are 

appropriat 

ely 

configured 

Set  up  the 
software 
so  that 
you  can 
later 
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ARTS 

CL 
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C/5 

m 

H 

O 

z 

Time  too 
variable. 
Depends 
on  what 
other 
tasks  FC 
is  doing 

In  this 
case,  all 
that  came 
up  waas 
narrow 
band. 
Controller 
asked  FC 
to  look 
into  why 
there 
wasn't  a 
wide  band 
connectio 
n 
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n  problem 
resolution 
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Time  is 
too 

variable  to 
estimate. 
Depends 
on  FC 

Time  is 
too 

variable  to 
estimate. 
Depends 
on  ARTS 
operator 

< 

CD 
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LU  O 

au 

LL 

FC 

annunces 
that  they 
are  on  the 
phone  line 

ARTS 
operator 
announce 
s  that  they 
are  on  the 
phone  line 
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O 

LL 

O 

Listen  for 
FC  to 
come  up 
on  the 
phone 

Ask  FC  to 
look  and 
see  if  they 
are 

getting 
data  on 
the  wide 
band  CCS 
port 

CO 

1- 

CE 
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o 

Listen  for 
ARTS  to 
come  up 
on  the 
phone 

Ask  ARTS 
to  verify 
that  they 
are  in 
“CSOC’ 
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NOTES 

Time  is 
too 

variable  to 
estimate. 
Depends 
on  how 
fast  FC 
and  ARTS 
operator 
can  check 
their 
systems 

This 
action 
depends 
on  what 
problem,  if 
any,  is 
reported 
by  FC 

Variable 
time. 
Normally 
just  a  few 
seconds 

FEEDBA 

CK 

Verbal 

status 

report 

FC  verbal 
communic 
ations 

FC 

announce 
s  that  they 
are  ready 
for  the 
controller 
to  send 
the  SARM 
command 

TIME 

(hh:mm;s 

s) 

6:00:10 

o 

o 

o 

o 

Ul 

£ 

0-  H 

5  z 
o 

Ul 

<u 

c 

o 

JZ 

CL 

Phone 

Phone 

phone 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

h  o 

2 :  C0 

O^lo2 

O  ^  ui 

O  Q 

VISUAL 

> 

tz 

< 

o 

o 

s 

MANUAL 

LISTEN 

X 

X 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

("see  - 
sock") 
node 

Listen  for 
FC  or 
ARTS  to 
report 
back  after 
they 
check 
their 
systems 

FC  reports 

(unintellig 

able) 

Tell  FC 
that  you 
are  going 
to  "SARM 
again" 

Listen  for 
FC  to 
indicate 
that  they 
are  ready 
for  the 
SARM 
command 

TASK 

DESCRIP 

TION 

TASK  ID 

h* 

in 

T— 

1.15.8 

1.15.9 

1.15.10 
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HI 

1- 

O 

z 

In  this 
case,  re- 
SARMing 
did  not 
solve  the 
problem 

FC  will  be 
on  the 
phone 
when 

SARM 
command 
is  sent 

T— 

0) 

X2 

2! 
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00  . 

Q  * 

UJ  O 

HI 

LL 

CO 

CD 

'5>E  o 

ARTS 
operator 
comes  on 
the  phone 

m 

UJ  E 

S  E  oT 

H  if 
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O 

6 

o 
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O 
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o 

o 
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o 

o 

o 

o 

o 

o 

o 

o 
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s 

£  H 

5z 
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© 
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S  ^ 

D  « 

o  c 

E 

CD 
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.c 

CL 

Q) 
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-C 

CL 

<D 
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o 

n 

CL 

CD 
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o 

-C 

CL 

CD 

C 

o 

sz 

CL 

HI 

°  QZ 

LL  5 

sg 

CO 

111 

o  — 

£g° 

~  HI 

CC 

COGNITI 
VE  / 

DECISIO 

N 

_i 

< 

CO 

> 

£ 

< 

Q 

O 

s 

< 

z 

< 

s 

X 

z 

UJ 

H 

CO 

-J 

X 

X 

* 

-1 

< 

H* 

X 

X 

X 

SUBTAS 

K 

DESCRIP 

TION 

Click  to 
issue 

SARM 

command 

Report 
results  of 
action 
performed 
by 

controller 
to  FC 

Listen  for 
FC's 

response 
to  report 

Call  ARTS 
to  get 
them  up 
on  the 
voice 
system 

Listen  for 
ARTS  to 
be  on  the 
voice 
system 

Instruct 
ARTS  to 
configure 
for  contact 
and  to 
acquire 

a 

^Ez 

WOO 

<(Or 

1-  HI  ■“ 

O 

Continue 

doing 

support 

using  only 

narrowba 

nd 

9 

< 

K 

t- 

to 

r- 

CM 

Y"- 

1 6 
r* 

CO 

ID 

LO 

CD 

CD 

T— 

CM 

CD 

T~ 

C0 

CD 
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NOTES 

Variable 
time. 
Depends 
on  how 
much  the 
ARTS 
operator 
has  to  do 
to 

configure 
and  how 
long  it 
takes  to 
make 
contact 
with  the 
satellite 

Variable 

time 

FEEDBA 

CK 

ARTS 

operator 

verbally 

confirms 

contact 

Satellite 
range  will 
be  shown, 
and  the 
once  per 
second 
data  will 
increment 

FC 

verbally 
reports  on 
efforts 
made  and 

TIME 

(hh:mm:s 

s) 

0:00:15 

EQUIPME 

NT 

Phone 

Left 

display 

Phone 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

9 

X 

> 

1 - 

< 

D 

O 

5 

MANUAL 

LISTEN 

X 

X 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

the 

satellite 

Listen  for 

ARTS  to 

confirm 

that  they 

have 

acquired 

the 

vehicle 

Observe 
that  you 
are 

getting 

expected 

data 

Listen  for 
FC  to  call 
with  report 
on  what 
they  have 

TASK 

DESCRIP 

TION 

Contiue 

troublesho 

oting  the 

lack  of 

wideband 

connectio 

n 

TASK  ID 

1.16,4 

1.16.5 

1.17 

1.17.1 
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IU 

1- 

o 

2 

Variable 
time.  (FC 
changed  a 
patch  cord 
in  this 
case) 

< 

m 

o  * 

LU  o 

IU 

Li- 

to 

3 

(0 

© 

FC 

verbally 
reports  on 
efforts 
made  and 
results 

CO 

IU  E 

H  if 

■C 

o 
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o 
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52 
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CL 
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CO 

X 

-Jl 
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1- 
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X 

SUBTAS 

K 

DESCRIP 

TION 

found  or 
have  done 
to  fix  the 
problem 

T3 

c  ro 

P  m 

~  _c  tr 
c  ^  -w  o 
o  go  & 

O  2.LL  2 

Provide 

FC  with 
report  on 
the  status 
of  the 
ongoing 
contact 
("We  have 
a  good 
lock  on 
the  128K") 

Listen  for 
FC  to 
report 
next 
action 
they  took 
to  resolve 
problem 

CL 

*  CC  z 

CO  O  O 

<Wr 

1-  UJ  *— 

O 

o 

* 

< 

H 

C\J 

CO 

N 

t— 

n 
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</) 

ID 

H 

o 

z 

about  4 
mouse 
clicks  on 
the  left 
screen 

0) 

1  o 

5-1 

< 

m 

o  * 

Ui  O 

Ui 

LL 

Ifantena 
angles  are 
sent 

successful 
ly,  it 

indicates 
that  the 
communic 
ations  link 
between 
the  ARTS 
and  the 
controller' 
s 

workstatio 
n  is 

working. 

FC 

announce 
s  that  they 
are  on  the 
phone 

0) 

ID  E 

S  E  « 

1-  -c 

X 

in 

T— 

6 
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o 

CM 

6 

o 

o 

O 

T— 
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6 
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ID 

0) 
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0) 
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0) 

Q) 
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o 

sz 
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a. 
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ID 
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VE  / 
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z> 
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5 

-J 

< 

z 

< 

S 

X 

z 

ID 

h 

(0 

□ 

X 

* 

-J 

X 

SUBTAS 

K 

DESCRIP 

TION 

Send 
antenna 
pointing 
angles  to 
ARTS 

Monitor 
display  to 
verify  that 
the  angles 
are  being 
sent  out 
from  the 
controller’ 
s 

workstatio 
n  and  are 
being 
used  by 
the  ARTS 
t  point  the 
antenna 

Call  FC  to 
get  them 
on  the 
voice 
system 

Listen  for 
FC  to  be 
on  the 
voice 
system 

0. 

*  DC  Z 

woo 

S«r 

»—  ID  ^ 

Q 

Continue 
troublesho 
oting  lack 
of 

wideband 

9 

s 

CO 

Y~ 

C\J 

00 

CD 

ci 

C\J 

CD 
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CO 

UJ 

1- 

o 

z 

Variable 
time.  It 
depends 
on  what 

FC  needs 
to  do  to 
comply 
with  the 
controller’ 
s  request 

Variable 
time.  In 
this  case, 
it  appears 
that  the 
problem 
was 

between 

FC  and 
the  ARTS. 

< 
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UJ  O 
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SUBTAS 

K 

DESCRIP 

TION 

Listen  for 
FC  to  tell 
you  that 
they  are 
ready  to 
monitor 
communic 
ations 

Listen  for 
FC 

feedback 
on  result 
of  sending 
SARM 

Q. 

*  CC  2 
WOO 

H-  UJ 

o 

Continue 

support 

using 

available 

assets 

o 

* 

< 

K 

O) 

in 

O) 

CD 

05 

o 
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co 

Hi 

H 

O 

Z 

When 
editing 
this  file, 
down 
towards 
the  end 
there  were 
lots  of 
manually 
selecting 
and 
executing 
a 

command. 

This 
requires  3 
clicks.  The 
first  click 
makes  the 
command 
active, 
The 
second 
prepares  it 
to  be  sent 
(download 
s)  and  the 
third 
executes 
the 

command 

< 

£0 

D  ¥ 

LLi  O 

Ul 

U. 

A  drop 
down 
menu 
appears 
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1  E  8 

H  JZ 
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Ul 
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< 

23 

Z 

< 
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X 

2 

Ul 

H 

to 

-1 

* 

— 1 
< 

K 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
CONTAC 
T  on  JMT 
menu  (on 
the  top  of 
the  left 
display)  at 
end  of  the 
SOH 
bring  up 
the  BATT- 
A- 

FCAOA-1 
pass  plan 

CL 

*£cz 
g  o  o 
<  (0  - 
f-  lii  ^ 

D 

Finished 
SOH  and 
ready  to 
begin 
Batt-A* 
FCA0A1 
pass  plan 

D 

< 

1- 
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co 

LU 

h* 

o 

z 

< 

CD 

D  * 

UJ  O 

LU 

LL 

a  pop  up 
window 
appears. 
This  is  the 
window 
that  allows 
the 

controller 
to  select  a 
pass  plan 
from 
among 
those  that 
have 
already 
been 
created 
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SUBTAS 

K 

DESCRIP 

TION 

>v 

r> 

Click  on 
SELECT 
COMMAN 
D 

PROCED 
URE  in 
the  drop 
down 
menu 

Click  on 
down 
arrow  to 
bring  up 
depository 
of  pass 
plans  (a 
list  of  the 
procedure 
s  that  the 
MC  can 
run) 

Cl 

^GCZ 

52  o  o 

<  CO  g 

1-  LU  »- 

Q 

9 

* 
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z 

The 
controller 
has  to 
know  what 
the 
expected 
values  of 
the  data 
are  to 
make  this 
inspection 
,  or  the 

< 

CD 
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LU  O 

LU 

LL 

The  SNAP 
screen 
appears  in 
the  right 
hand 
display 
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TLM  data 
on  the 
right 
display 
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Knowledg 
e  of 
nominal 
values 
and  limits 
OR 
accurate 
visual 
coding  of 
TLM  data 
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SUBTAS 

K 

DESCRIP 

TION 

Click  on 
OK  button 
in  the 
Pass  Plan 
Depositor 
y  window 

Read 
instruction 
s.  This 
pass  plan 
(Batt-A- 
FCA0A1) 
is  run 
normally 
before 
entering 
eclipse 

Click  on 
SNAP 
button  in 
the  lower 
left  hand 
comer  of 
the  right 
screen. 
This  will 
bring  of 
screen  full 
of 

acronyms 
and  the 
associate 
d  TLM 

Visually 

inspect 

the 

informatio 
n  in  the 
SNAP 
frame  to 
identify 
any  data 
that  is 
obviously 
out  of 
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woo 

<  top 
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o 
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by  clicking 
on  it  to 
make  it 
active 
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B 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

o  .E 

fc  CL 
<  CO 
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D 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
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atina 
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SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
’MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

CL 
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hi 
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This  Is 
odd  in  the 
sense  that 
what  the 
controller 
is  looking 
at  ar  ethe 
first  letters 
of  a  series 
of  items. 

When 
correct, 
the  letters 
are 
FCAOA 
(Full, 
Connect, 
Auto, 
Open, 
Auto) 
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CD 

D  ^ 

ill  O 
til 

LL 

Controller 
reads  the 
value  from 
the  SNAP 
page  to 
verify  that 
the 
expected 
change 
has  been 
made  and 
is 

reflected 
in  the 
telemetry 
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Pass  Plan 
contains 
nominal 
values 
and  limits, 
TLM  page 
contains 
current 
values 

Criterion 
on  Pass 
Plan.  The 
current 
value  is 
on  the 
TLM 
screen 

1 

ui 

ioD 

—  yj 

Controller 
to  verify 
that  the 
value  or 
state 
changed 
as 

expected 

Current 
value  and 
criterion 
value 
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SUBTAS 

K 

DESCRIP 

TION 

Verify  that 
the 
change 
occurred 
by  reading 
the  value 
on  the 
SNAP 
screen 

Go  back 
to  pass 
plan  - 
there  is  an 
instruction 
to  notify 
SEifa 
value 
exceeds  a 
criterison. 
(If  EPBA 
Temp  >  X 
degrees 
then  notify 
SE) 

CL 
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to 

tu 

H 

O 

Z 

Controller 
compares 
value 
called  out 
in  the 
pass  plan 
with  the 
TLM  value 
in  the 
SNAP 
screen 

This  is 
normally  a 
process  in 
which  the 
controller 
does  a 
momentu 

m 

estimation 
,  then  a 
spin 
control 
maneuver, 
and  then 
another 
momentu 

m 

estimation 

< 

CD 

O  * 

UJ  O 

111 

U- 

Returns 
the  left 
display  to 
the  SOH 
plan  at  the 
point 
where 
another 
pass  plan 
can  be 
selected 

(0 

UJ  E 

S  E^ 

H-  if 
£ 

lO 

T— 

6 

o 

o 

in 

o 

o 

o 

o 

UJ 

5 

9:  h- 
52 

O 

UJ 

V  >> 
o>£ 

ir  & 

T> 

8  f 

D  CL 

o  © 

E  "5 

© 

UJ 

O  Si 

si 

CO 

Criterion 
on  Pass 
Plan.  The 
current 
value  is 
on  the 
TLM 
screen 

UJ 

o| 

*§Q 
“  UJ 

IT 

Current 
value  and 
criterion 
value 

p  o 
z  to 
oSJoZ 
o  ^  uj 

O  D 

X 

-J 

< 

D 

CO 

> 

X 

< 

Q 

O 

5 

-J 

< 

ID 

Z 

< 

2 

X 

Z 

UJ 

I- 

co 

_l 

1 

id 

2 

1 

SUBTAS 

K 

DESCRIP 

TION 

Go  to 
SNAP 
screen 
and  check 
value.  If 

<> 

criterion 
call  SE 
else  end 
pass  plan 

Click  on 
the 

endpost  in 
the  task 
plan 

a. 

Dd  DC  Z 

«  o  o 

<  CO  £ 

1 —  UJ  ^ 

Q 

B  >  0  <  c 
°  cr  ~  0 
?iu<<  a 
<5  h-  O  w 

£  $ 
m 

Begin 
MOMEST 
pass  plan 

MOMEST 
is  a 
procedure 
lound  in 
operations 
checklist. 
MOMEST 
is 

embedde 
d  in  the 
SPIN 
CONTRO 
L  Pass 
plan 

9 

* 

CO 

< 

I- 

o 

CNJ 

t— 

Y— 

c\j 

v— 

04 
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CO 

ID 

h- 

o 

Z 

The 
desired 
functions 
may  be 
outside 
the 
viewable 
area.  If 
so,  the 
controller 
needs  to 
scroll  the 
window 
until  they 
can  be 

seen. 
(They 
were 
outside 
the  area 
in  this 
example). 

< 

CD 

o  * 

Ui  o 

ID 

U. 

A  window 
with  a  list 
of 

procedure 
s  will 

aDDear. 

A  pull 
down 
menu 
containing 
the  names 
of  the 
available 
strings 
appears 

W 

ID  E 

s  E^T 

H  i: 

to 

o 

6 

o 

6 

o 

o 

o 

o 

ID 

o 

o 

o 

o 

in 

o 

o 

o 

o 

ID 

s 

Eb  i- 
5z 
o 

ID 

s'f 

3  CL 
o  W) 

E  *o 

.2 

s'f 

3  CL 

o  w  • 

E  -o 

0) 

8‘! 

3  9* 

o  W 

% 

3  CL 

o  w 

E  ‘D 
& 

ID 

u.  5 

sg 

co 

UI 

zo° 

—  ID 

QC 

p  g 
z  CO 

O  ^  ID 

o  Q 

-J 

< 

=3 

CO 

> 

£ 

< 

D 

O 

5 

-J 

< 

=> 

z 

< 

S 

X 

X 

X 

X 

z 

UI 

h 

<0 

-J 

J 

1 

* 

J 

< 

1- 

c o  & 

<  oc  z 

m  ^  °  o 

“  CO  ~ 

13  UI  ^ 

CO  Q 

C  X  ^  ^  =5 

O  o  3  i  c 

o  §  ©  ■o  E 

°5c 

Scroll 
down  until 
the 
desired 
procedure 
(s)  are 
found  in 
the 
window. 

S  T  X 

■sii 

b-'tu 

LL 

Click  on 
the 
Display 
Host 
button 

a 

*  QC  Z 
«OQ 
<  CO  r- 

»—  UL5  *" 

a 

9 

* 

(0 

< 

h* 

cq 

C\J 

CM 

in 

c\i 

t— 

CD 

c\i 
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NOTES 

The 
controller 
doesn't 
have  any 
tools  to 
aid  in 
monitoring 
the 

execution 
of  these 
steps. 

FEEDBA 

CK 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

A  pull 
down 
menu 
containing 
the  names 
of  the 
available 
strings 
appears 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

In  another 
window 
on  this 
display, 
text 
showing 
the  steps 
the 

system  is 
performin 
gto 
launch  the 
applicatio 

tfi 

ui  £ 

f§  £  ui 

H  Jc 
j= 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

tn 

▼— 

o 

o 

o 

Hi 

2 

D2 

O 

LU 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

INFO 

SOURCE 

Observati 
on  of 
changes 
in  the 
window 
showing 
the 
exaction 
of  the 
steps. 

INFO 

REQUIRE 

D 

Controller 
to  verify 
that 
normal 
execution 
is 

underway. 

COGNITI 
VE  f 

DECISIO 

N 

* 

X 

VISUAL 

X 

X 

X 

>“ 

H* 

-I 

< 

D 

O 

2 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  name 
of  the 
correct 
Display 
Host 
System  in 
the  scroll 
down 
menu 

Click  on 
the 

Execution 

Host 

button 

Click  on 
the  name 
of  the 
correct 
Execution 
Host 
system  in 
the  scroll 
down 
menu 

Click  on 
LAUNCH 

Verify  that 
the 

procedure 

is 

launching 

by 

inspecting 

the 

Applicatio 
ns  Status 
Panel 
window. 
This 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.7 

1.2.8 

o 

esj 

1.2.10 

1.2.11 
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c/> 

UJ 

i- 

O 

z 

1 

< 

CD 

Q  * 

UJ  O 

UJ 

u. 

£  -d 
(0  © 

c  (0 

Q. 

W 

TJ 

■ 

A  pull 
down 
menu 
containing 
the  names 
of  the 
available 
strings 
appears 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

■ 

o 

T** 

o 

o 

6 

in 

o 

o 

o 

o 

m 

o 

o 

o 

o 

m 

o 

o 

o 

o 

UJ 

5 

Bz  H 

5z 

o 

UJ 

* 

s| 

3  CL 

o  w 

E  *6 
& 

© 

s| 

3  CL 

o  w 

E  ^ 

© 

s| 

3  CL 

o  « 

E  '-6 
c 
© 

s' I 

3  CL 

o  © 

E  =5 

© 

UJ 

II 

C/> 

UJ 

oi 

20° 

—  UJ 

cc 

P  o 

z  (/) 

a  £  o  2 

O  ^  UJ 

o  o 

1 

■ 

X 

X 

£ 

< 

Q 

O 

5 

-1 

< 

1 

£ 

X 

X 

X 

z 

UJ 

t— 

(/) 

_J 

-I 

< 

H 

SUBTAS 

K 

DESCRIP 

TION 

window 
shows  the 
execution 
of  the 
steps 

Scroll 
down  until 
LINK-1 
RECEIVE 
PACKET 
is  visible. 

Click  on 
LINK-1 
RECEIVE 
PACKET 

Click  on 
Display 
Host 
button 

Click  on 
the  name 
of  the 
correct 
Display 
Host 
System  in 
the  scroll 
down 
menu 

CL 

^Ez 
tg  o  o 

<  CD  C 

Q 

O 

</> 

< 

H 

C\1 

T— 

cvi 

1— 

■ 

(\i 

Y— 

in 
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m 

tii 

O 

2 

The 
controller 
doesn't 
have  any 
tools  to 
aid  in 
monitoring 
the 

execution 
of  these 
steps. 

1 

< 

m 

D  ^ 
uj  O 

til 

Li. 

A  pull 
down 

menu 
containing 
the  names 
of  the 
available 
strings 
appears 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

In  another 
window 
on  this 
display, 
text 
showing 
the  steps 
the 

system  is 
performin 
gto 
launch  the 
applicatio 
n  are 
displayed. 

1 

til  £ 

5  E  IF 

H  £ 

,c 

to 

o 

o 

o 

d 

to 

o 

o 

o 

d 

to 

o 

d 

o 

d 

S2 

o 

o 

o 

O 

d 

o 

o 

in 

o 

d 

o 

d 

1 

UJ 

2 

a.  h 

52 

o 

UJ 

s'| 

3  CL 

O  « 

£5 

8| 

3  CL 

o  « 

E  ^ 
c 

0 

s| 

O  t/5 
£ 

0 

&  >* 

0  £0 
— J  CL 

V) 

x> 

s'| 

o  to 

E  « 

44 

0 

W-g 

3  CL 

o  to 

E  **S 

0 

1 

U1 

og 

l§ 

CO 

1 

Progress 
shown  in 
the 

Applicatio 
n  Status 
Panel 

1 

UJ 

o| 

z8° 

—  UJ 

ec 

1 

Indication 
that  the 
process  is 
launched 
and 
proceedin 
g  normally 

1 

P  Q 

2  ^  CO 

O  ^  uj 
o  o 

1 

X 

1 

-J 

< 

=> 

CO 

> 

X 

X 

X 

1 

< 

z> 

2 

< 

S 

X 

X 

1 

X 

X 

2 

UJ 

h 

CO 

-J 

1 

-J 

< 

H 

1 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 

Execution 

Host 

button 

Click  on 
the  name 
of  the 
correct 
Execution 
Host  from 
pull  down 
menu 

c  X 
°  Q 

II 

o< 

Verify 
launched 
in  the 
Applicatio 
ns  Status 
panel 

Scroll 
down  until 
LINK-t 
MOMEST 
is  visible 
in  the 
window 

Click  on 
LINK-1 
MOMEST 

a. 

^  CE  z 

2  uo 

D 

1 

D 

< 

H 

CD 

c\i 

h- 

04 

00 

eg 

T— 

CD 

04 

o 

CM 

CM 

T— 

r* 

CM 

w 

T— 
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</) 

UJ 

K 

O 

z 

This  is  a 
click  on 
OK,  not 
launch. 
OK  both 
launches 
the 

procedure 
and 
closes  the 
window 

< 

m 

D  * 

UJ  O 

UJ 

LL 

A  pull 
down 
menu 
containing 
the  names 
of  the 
available 
strings 
appears 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

A  pull 
down 

menu 
containing 
the  names 
of  the 
available 
strings 
appears 

Field  in 
the 

window  is 
filled  in 
with  the 
name  of 
the  string 
to  be  used 

®  -S2  *b 

[E  >  CD 

i  o 

J 

W 

UJ  E 

s  E9* 

H  i: 

x: 

in 

o 

o 

o 

o 

m 

o 

o  , 
o  * 
o  • 

m 

o 

d 

o 

o 

in 

o 

o 

o 

o 

in 

o 

d 

o 

o 

UJ 

2 

£  *- 
DZ 

O 

UJ 

Q>  5^ 

8>iS 

3  CL 

o  w 

E  TD 
& 

_CD 

s'! 

3  CL 

o  w 

E 

a> 

s| 

3  Q. 

o  w 

E  ^ 

0) 

s! 

3  Q- 

o  w 

E  ^ 

& 

© 

s  ^ 

3  Q- 
O  w 

E^ 

® 

UJ 

og 

-  O 
</) 

UJ 

o  — 

—  UJ 

cc 

COGNITI 
VE  / 

DECISIO 

N 

. 

< 

3 

</> 

> 

X 

X 

£ 

< 

Q 

O 

s 

■ 

X 

X 

X 

X 

X 

z 

UJ 

h 

</) 

J 

1 

< 

H 

1 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 
Display 
Host 
button 

Click  on 
the  name 
of  the 
correct 
Display 
Host  from 
pull  down 
menu 

Click  on 
the 

Execution 

Host 

button 

Click  on 
the  name 
of  the 
correct 
Execution 
Host  from 
pull  down 
menu 

c  * 

°o 

o 

6 

CL 

*  CC  Z 

<2  o  o 

<  W  p 
r—  uj  1 

Q 

9 

</) 

< 

K 

C\J 

CM 

CM 

CO 

CM 

CM 

Tf 

CM 

CM 

T~ 

m 

CM 

CM 

CO 

CM 

CM 
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NOTES 

The 
controller 
doesn't 
have  any 
tools  to 
aid  in 
monitoring 
the 

execution 
of  these 
steps. 

This  isn't 
described 
in  the 
pass  plan. 

The 
controller 
needs  to 
know 
which 
TLM 
display 
page  to 
bring  up. 

FEEDBA 

CK 

In  another 
window 
on  this 
display, 
text 
showing 
the  steps 
the 

system  is 
performin 
gto 
launch  the 
applicatio 
n  are 
displayed. 

The  Pass 
Plan 
window 
appears  in 
front  of  all 
the  other 
windows 

TIME 

(hh:mm:s 

s) 

0:00:15 

0:00:05 

0:00:05 

EQUIPME 

NT 

Left 

display 

mouse, 
left  display 

mouse, 

right 

display 

INFO 

SOURCE 

Progress 
shown  in 
the 

Applicatio 
n  Status 
Panel 

INFO 

REQUIRE 

D 

Indication 
that  the 
process  is 
launched 
and 
proceedin 
g  normally 

COGNITI 

VE/ 

DECISIO 

N 

X 

VISUAL 

X 

< 

D 

O 

2 

MANUAL 

X 

X 

LISTEN 

TALK 

m  Bz 

<  £C  2 

Jr  &  o  o 

Z>  tU  ^ 

CO  O 

Verify 
MOMENS 
T  has 
launched 
in  the 
Applicatio 
ns  Status 
panel 

Click  on 
the  Pass 
Plan  icon 
to  make  it 
the  visible 
window 
(that  is, 
bring  it  to 
the  front). 
The  icon 
is  in  the 
lower  left 
of  the 
screen 

On  the 
right 
display 
click  on 
the  LINK1 
DISPLAY 
button 

TASK 

DESCRIP 

TION 

TASK  ID 

h- 

CM 

CM 

y— 

1.2.28 

1,2.29 
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</> 

in 

K- 

O 

z 

Value  is 
usually 
positive  to 
start.  The 
controller 
watches 
the  graph 
too  see 
that  the 
trend  is 
convergin 
g  towards 
the 
desired 
value. 

« 

CD 

o  * 

UJ  o 

UJ 

LL 

TLM 
converges 
towards 
the  *0.0" 
line  on  the 
graph. 

a  pop  up 
window 
with  print 
options 
appears 

cursor 
changes 
from 
arrow  to  a 
cross  hair 
when 
ready  to 
select  the 
window  to 
be  printed 

(f> 

ui  E 

S  E  oT 

H  if 
£. 

m 

o 

6 

o 

6 

o 

o 

o 

CVJ 

o 

o 

CO 

d 

o 

o 

m 

o 

d 

o 

o 

in 

o 

d 

o 

o 

UJ 

2 

9:  K 

52 

o 

UJ 

©r  ^ 

w  o>-g 

3rd. 

o  w 

E  *5 

V  > 

ir  m 
'~6 

©  r: 

o  w 

E  *-6 

or  S' 

3  -C  Q. 

O  © 

E  =6 

©  JZ  & 

©  cn-g 

Dr  CL 
o  © 

E  =6 

UJ 

si 

(/) 

Graph  on 
the  right 
display 
showing 
spin  rate 
error. 
(This 
should 
converge 
towards 
zero.) 

UJ 

o| 

—  UJ 

cc 

Controller 
examines 
spin  trend 
to  verify 
that  the 
change  is 
in  the 
expected 
direction 
and  is 
convergin 
g  on  the 
nominal 
rate 

p  o 
z  ^  co 

O  >  UJ 

o  o 

X 

< 

> 

X 

£ 

< 

a 

o 

s 

< 

3 

Z 

< 

2 

X 

X 

X 

X 

* 

-1 

< 

1- 

SUBTAS 

K 

DESCRIP 

TION 

c  h  >"  © 

o  cn  £  J9 

-X  LU  — 1  Q-  £ 
o  5  a  »  Q 

oo|- 

Watch  the 
line  graph 
to  see  if 
the  value 
is  moving 
towards 
zero  and 
becomes 
a  constant 
value 

Print 
MOMEST 
results  by 
clicking  on 
the  wall 
paper  in 
the  right 
screen 

sil 

b  5 

c  © 
o  co 

JC  © 

o  >  1 

oir 

CL 

*  C Cz 

CO  o  O 

D 

9 

* 

o 

CO 

oo 

CO 

CO 

CM 

CO 

CO 

8 

00 

T— 

s 

CO 
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CD 

ui 

»- 

O 

z 

(ACS 
DELTA  V 
MANEUV 
ER  is  the 
name  of  a 
page  that 
will  be 
displayed) 

< 

CD 

Q  * 

LU  O 

ID 

LL 

Brings  up 
a  page  of 
buttons  on 
the  rightt 
display 

a  page  of 
data 
mneumics 
appears 

« 

id  E 

K  Jc 

w 

in 

T“ 

6 

o 

6 

m 

o 

o 

o 

o 

m 

o 

o 

o 

o 

in 

d 

o 

o 

in 

o 

o 

o 

Ui 

2 

S:  1“ 

5  2 

O 

Ui 

CD  <C 

_j  a 

0) 

©r  ^ 

3  ‘C  CL 

o  w 

E  *6 

o  JC 

V)  a>JS 

3r  Q. 

O  W 

E  S 

<d  co 

— 1  D. 

CO 

X3 

+=L  >> 

ft 

CE  w 

T3 

■ 

Nominal  is 
in  the 
Pass 
Plan, 
current  is 
on  the 
right 
display 

UI 

o  =j 
£o° 

—  o| 

EC 

Nominal 
and 
current 
values  of 
this 
variable 

E  2 

z  ^  (0 

o£oz 

O  ^  ui 

O  D 

X 

-l 

< 

=> 

<0 

> 

X 

X 

X 

< 

D 

O 

5 

-J 

< 

3 

Z 

« 

2 

X 

X 

Z 

Ui 

H 

CD 

3 

-J 

< 

H 

SUBTAS 

K 

DESCRIP 

TION 

Read 
instruction 
in  the 
Pass 
Plan.  This 
instruction 
tells  the 
controller 
to  select 
the  ACS 
DELTA  V 
MANEUV 
ER. 

Click  on 
LINK  2 
DISPLAY 
S  on  the 
right 
display 

Click  on 
ACS 
DELTA  V 
MANEUV 
ER  button 
on  the 
right 
display 

Go  to 
pass  plan 
and  read 
instruction 

s 

Verify 
SUNREF= 
PRA  on 
the  ACS 
DELTA  V 
MANEUV 
ER  page 
(on  the 
right 
screen) 

Q. 

*  CC  z 

S2  °  o 

Q 

2 

* 

< 

i- 

CM 

00 

CO 

CO 

CO 

m 

CO 

CD 

00 
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CO 

111 

o 

2 

time  is 
approxima 
te.  The 
problem  is 
if  it  isn't 
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this 
variable 

COGNITI 
VE  /  * 
DECISIO 
N 

X 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Verify 
CMDREG 
value  on 
ACS 
DELTA  V 
MANEUV 
ER  page 

Click  on 
the 

command 
in  the  left 
screen. 

TASK 

DESCRIP 

TION 

TASK  ID 

1.3.51 

1.3.52 

1.3.53 

,<d- 

U> 

to 

1.3.55 
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)9 
5  V 

1*8 

QC 

— -  ^ 

a  sc 


NOTES 

FEEDBA 

CK 

An  arrow 
appears 
to  the  left 
of  the 
command 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 

ptinn 

- - g 

Arrow 
turns  blue 

w 

UJ  E 

SE? 

HJE 

o 

6 

o 

o 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

INFO 

SOURCE 

display  of 
once  per 
seco+JII 
2nd  data 

INFO 

REQUIRE 

D 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 

9 

informatio 

n 

COGNITI 

VE/ 

DECISIO 

N 

X 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

venry  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

TASK 

DESCRIP 

TION 

i 

D 

r> 

n  l 

r>  < 

n 

'O 

7) 

O 

rj 
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to  record 
the  value 
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CO 

HI 

H* 

o 

Z 

Controller 
needs  to 
know 
which 
screen 
has  the 
desired 
data.  The 
screen 
isn’t 
identified 
in  the 
Pass 
Plan. 

< 

ffi 

Q  * 

LU  O 

HI 

LL 

SNAP 

screen 

replaces 

the 

DELTA  V 
MANEUV 
ER  page 
on  the 
right 
display 

A  screen 
with  a 
series  of 
buttons 
appears 
on  the 
right 
screen 

0) 

Hi  E 

I  £  « 

H  if 
jS 

in 

o 

o 

o 

o 

o 

CO 

o 

o 

o 

uo 

o 

o 

o 

ID 

o 

o 

o 

o 

■ 

■ 

o  W 

E 

°8  a> 

~  CL 

U  «J 

C  Q. 

0 

D_ 

>> 

0  re 

— *  Q. 

CO 

©'x: 

<o  cn-2 

g  *c  & 

E  xi 

Hi 

H.  5 

CO 

HI 

o  5 

2  0° 

—  LU 

DC 

H  ‘  O 
z  ^  co 

O  ^  LU 

o  o 

-J 

< 

=> 

CO 

> 

X 

X 

t 

< 

a 

o 

5 

■ 

X 

X 

X 

z 

HI 

r 

CO 

-J 

-J 

< 

I- 

1 

SUBTAS 

K 

DESCRIP 

TION 

z 

-j 

CL 

Q- 

Click  on 
the  SNAP 
screen 
button  on 
the  right 
screen 

Find 
PPLN1P 
and 
record  the 
value  on 
the 
scratch 
paper 

Go  back 
to  the 
pass  plan 
and  read 
instruction 

s 

Click  on 
the  LINK 
2 

DISPLAY 
button  in 
the  Right 
display 

£L 

*  DC  Z 

Sr  °  O 

Q 

s 

9 

* 

< 

h- 

S 

CO 

T— 

LO 

CO 

CO 

CO 

CD 

CO 

i— 

r-- 

CO 

CO 

T— 

158 


SBIR  Phase  2  Final  Report  Space  Operator  Consoles  Monterey  Technologies,  Inc. 

Contract  No.  F33615-00-C-6006 


(0 

UJ 

h* 

O 

Z 

The 
number  of 
times  to 
repeat  the 
command 

was 
computed 
by  the 
controller 
and  the 
SE 

< 

CD 

D  * 

Ul  O 
lii 

U- 

Button 
Infront  of 
the  option 
selected  is 
filled  in. 

The 
buttons 
are  hollow 
circles  if 
not 
selected 

a  pop  up 
window 
(•'REPEAT 
MODE 
PARAME 
TERS")  is 
displayed 

The  frame 
of  the  box 
is 

highlighte 

d, 

indicating 
that  the 
controller 
can  type  a 
number 
into  the 
box 

the 
number 
appears  in 
the  box  as 
it  is  typed 
in 

to 

UJ  E 

S  E^ 

H  if 
£ 

in 

o 

o 

o 

6 

in 

o 

o 

o 

o 

m 

o 

o 

o 

o 

o 

o 

o 

o 

UJ 

2 

£  H 

32 

O 

UJ 

<2j  j'T' 

«  ^ 

D  CL 

o  «o 

E  *6 

s| 

D  CL 

O  W 

E  T3 

e 

s'| 

D  CL 

o  w 

E  t> 

& 

0) 

■o 

n 

JC 

UJ 

ll 

to 

UJ 

o  £ 
zo° 

~  UJ 
£C 

COGNITI 
VE  / 

DECISIO 

N 

-J 

< 

3 

CO 

> 

. 

> 

H 

< 

Q 

O 

2 

< 

3 

z 

< 

2 

X 

X 

X 

X 

3 

m 1 

§  iz 

3  UJ 

CO  Q 

S' 

Q. 

CO 

T3 

Click  on 
REPEAT 
AS  NEW 
REQUES 
T 

Click  on 
SET 
MODE 
PARAME 
TERS 
button  to 
bring  up 
next 
window 

Click  on 
the  box 
with 
number  of 
times 
command 
is  to  be 
sent  In  the 
REPEAT 
MODE 
PARAME 
TERS 
window 

Type  in 
the 

’  number  of 
times  you 
want  to 
send  the 
command 

Q. 

^  DC  Z 

goo 

<  to  — 

h-  UJ  ^ 

o 

9 

* 

CO 

< 

H 

CM 

r- 

CO 

CO 

Is- 

CO 

h- 

co 

m 

r- 

CO 

T— 
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NOTES 

Controller 
reads  the 
number 
and 
makes 
sure  it 
matches 
the 

number  of 
repetions 
just  typed 
in. 

FEEDBA 

CK 

Once  the 
ENTER 
key  Is 
pressed, 
the 

highllghtin 
g  is 
removed 
from 
around 
the  box. 

The  pop 
up 

window  is 
removed 
from  the 
screen 

CO 

in  £ 

i  E  » 

0:00:02 

0:00:05 

0:00:15 

Ul 

5 

£  H 

DZ 

O 

UJ 

kbd 

mouse, 
left  display 

Left 

display 

INFO 

SOURCE 

The 
number  of 
transmissi 
ons 
performed 
is  on  the 
Pass  Plan 
display. 
The 
number 
intended 
is  from  the 
computati 
ons 
performed 
by  the 
controller 
and  SE 

INFO 

REQUIRE 

D 

Number  of 
transmissi 
ons 
intended 
and 
number 
performed 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

< 

Q 

O 

5 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Press  the 
ENTER 
key  on  the 
keyboard 
when  the 
number 
has  been 
entered. 

Click  on 
the  DONE 
button 

Verify  on 
CONTAC 
T 

CONFIGU 
RATIONS 
button 
that  the 
number  of 
transmissi 
ons  is  the 
same  as 
the  value 
just  typed 
in 

TASK 

DESCRIP 

TION 

TASK  ID 

1.3,76 

r^ 

cq 

1  ,.3,78 
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CO 

tu 

J— 

O 

z 

This  is  a 
small  box 
with  an 
"X"  in  it. 
The  box  is 
located  in 
the  upper 
left  hand 
portion  of 
the  pop 
up 

window. 

controller 

is 

following 
a  decision 
tree  in  the 
Pass  Plan 

< 

m 

Q  * 

UJ  O 

UJ 

u. 

The  pop 
up 

window  is 
removed 
from  the 
display 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

<K> 

tu  E 

H-  if 
£ 

m 

o 

6 

o 

6 

in 

6 

o 

6 

in 

o 

o 

o 

o 

in 

o 

o 

o 

o 

UJ 

5 

S:  H 

5z 

O 

UJ 

sf 

3  D- 

o  w 

E  *5 

>> 

©  <0 
-»  Q. 

CO 

7D 

s'| 

3  Q> 

O  w 

e  5 

a> 

s'! 

3  Cl 

O  to 

E  ’-6 
& 

UJ 

ll  5 

Sg 

CO 

£ 

CO 

*o 

_J 

1- 

UJ 

oE 

zo° 

—  UJ 

oc 

Rotation 
rate  error 
(fast  or 
slow) 

COGN1TI 

VE/ 

DECISIO 

N 

X 

-i 

< 

CO 

> 

X 

£ 

< 

O 

o 

5 

-1 

< 

i 

S 

X 

X 

X 

Z 

UJ 

J— 

CO 

-J 

* 

-J 

2 

SUBTAS 

K 

DESCRIP 

TION 

^  >  X 

O  </)  o  O 

g  o-8-° 

u  o  c 

i 

Go  back 
to  pass 
plan,  if  the 
rotation 
rate  is  fast 
follow  one 
decision 
path,  if 
slow 
another. 
The  MC 
and  SE 
compare 
the  actual 
values 
with 
desired 
values  to 
make  this 
decision 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
•MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

CL 

*  E  z 
co  o  o 

<  CO  “ 

uj  •— 

O 

O) 

h*. 

CO 

o 

CO 

CO 

T~ 

T— 

CO 

CO 

T— 

C\l 

00 

CO 
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NOTES 

This  box 
is  an  alert 
to  remind 
the  MC 
that  this 
command 
can  have 
a  large 
impact  on 
the  well 
being  of 
the 
satellite. 
The  MC 
must  be 
sure  that 
the 

command 
is  correct 

FEEDBA 

CK 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
atina 

Arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

o 

6 

o 

o 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

INFO 

SOURCE 

display  of 
once  per 
second 
data 

INFO 

REQUIRE 

D 

'' 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 

9 

informatio 

n 

COGNITI 
VE  / 

DECISIO 

N 

X  « 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

X 

z 

Ul 

co 

-j 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
OK  box  to 
respond 
to  the 
restricted 
command 
box 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

TASK 

DESCRIP 

TION 

i 

TASK  ID 

1,3,83 

CO 

CO 

to 

CO 

00 

1,3.86 
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m 

m 

H 

o 

z 

Inspect 
the  data 
on  the 
ACS 
DELTA  V 
MANEUV 
ER  page. 

If  it  is  too 
far  from 
desired, 
then  do  a 
second 
maneuver 
to  bring 
the  value 
within 
limits 

< 

CD 

D  ^ 
iy  O 
tu 
u. 

tu  £ 

I  £  eT 
*-  if 

•C 

o 

T- 

6 

o 

6 

LD 

O 

O 

o 

o 

o 

© 

o 

Ui 

5 

^  H 

52 

0 

til 

4=  >* 

Q)  CO 
-I  Q. 

T> 

>* 

CE  in 

Pencil  & 
paper  or 
calculator 

UI 

Off 

£§ 

£0 

CD 

CD 

CO 

CL 

_I 

H 

<o 

(0 

T> 

_I 

i— 

UJ 

o| 

—  LU 

CC 

Spin  rate 
error 
(DSPN), 
should  be 
zero 

Spin  rate 
error, 
plenum 
pressure 

i—  0 
z  ca 

0  Q 

X 

X 

_» 

< 

0 

CO 

> 

X 

X 

>■ 

H 

_1 

< 

Q 

O 

s 

_l 

< 

3 

Z 

< 

2 

X 

Z 

UI 

h 

_J 

-l 

< 

h* 

SUBTAS 

K 

DESCRIP 

TION 

Go  back 
to  the 
pass  plan 
and  read 
instruction 
s 

Verify 
DSPIN 
value  on 
ACS 
DELTA  V 
MANEUV 
ER  page. 
If  not 
close 
enough  to 
zero  to 
suit  SE  go 
back  to 
pass  plan 
and 
execute 
the 
"Second 
volley" 
procedure 
.  If  spin  is 
OK, 
proceed 

If  you  are 
doing  a 
second 
volley  (a 
second 
set  of 
command 
s) 

recompute 

the 

number  of 
times  to 
send 
command 

OL 

^  SC  Z 

2  °  o 

<  CO  £ 

t—  yj  r” 

Q 

0 

5* 

< 

1- 

a> 

CO 

CO 

r- 

O 

a> 

CO 

T— 

a> 

CO 

T— 
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CD 

LU 

1- 

O 

Z 

< 

CD 

o  * 

UJ  O 

UJ 

U. 

The 
Repeat 
Mode 
Parameter 
s  pop  up 
window 
appears 

^  Q)  "D 
*  £ 

*0  JO 
.£  CD 

Number 
appears  in 
the  box  as 
it  is  typed 
in 

Highlightin 
g  »s 
removed 
from  the 
window 

W 

UJ  £ 

|E» 

K  if 

.C 

in 

o 

o 

o 

o 

in 

o 

d 

o 

o 

in 

o 

o 

o 

d 

in 

o 

o 

o 

in 

o 

o 

o 

d 

UJ 

s 

£  H 

5z 

o 

UJ 

sf 

3  Ql 

o  «/) 

E  ^ 

© 

8>  -5 

3  Q. 

O  w) 

E  ^ 

& 

Q) 

t£  m1 

®  iS 

3  Q. 

o  « 

E  3 

2 

E 

JsC 

s 

Ul 

II 

cd 

UJ 

o  | 

20° 

—  UJ 

EC 

' 

s=  o 

Z  <D 

o^oz 

O  ^  UJ 

O  D 

-l 

< 

D 

CD 

> 

>- 

-J 

< 

Q 

O 

5 

J 

< 

3 

Z 

< 

5 

X 

X 

X 

X 

X 

Z 

UJ 

H 

CD 

-1 

* 

< 

1- 

SUBTAS 

K 

DESCRIP 

TION 

sill 
If  eE 

O  O  E  CT 
o  o  c 

Click  on 
Set  Mode 
Parameter 
s  button  in 
the 
Contact 
Configurat 
ion 

window  to 
bring  up 
Repeat 
Mode 
Parameter 
s  box 

Click  on 
the  box 
with  the 
number  of 
times  to 
repeat  the 
command 

Type  in 
the 

number  of 
times  you 
want  the 
command 
to  execute 
follwed  by 
<cr> 

®  DC  S' 

£  uj  ® 
w!= 

CD  Z 
®  LU 

Ql 

0. 

*  DC  Z 

52  °  o 

<  CD  P 

1 —  LU  ^ 

o 

1 

9 

* 

CD 

< 

I- 

CM 

o> 

CO 

CO 

o> 

CO 

CD 

CO 

m 

CD 

CO 

CD 

CD 

co 

T— 
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(/> 

LU 

K 

O 

Z 

03 

O 

This  is  a 
small  box 
with  an 
"X"  in  it. 

The  box  is 
located  in 
the  upper 
left  hand 
portion  of 
the  pop 
up 

window. 

< 

m 

o  * 

UJ  o 

LU 

LL 

The  pop 
up 

window  is 
removed 
from  the 
display 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

to 

LU  E 

S£» 

H  if 
£ 

to 

o 

6 

o 

6 

to 

o 

o 

o 

o 

LO 

o 

o 

o 

o 

LU 

2 

fi:  H 

52 

O 

LU 

8j| 

=5  Ql 

O  V) 

E  T3 

% 

s'! 

3  CL 

O  to 

E 

to  £ 

3  CL 

O  to 

E  T3 

© 

UJ 

il 

CO 

LU 

o  | 

£3° 

“*  LU 
£E 

p  o 

z  ^  to 

O  ^  LU 

O  Q 

-l 

< 

D 

CO 

> 

< 

a 

o 

2 

-J 

< 

Z 

< 

2 

X 

X 

X 

z 

LU 

H 

CO 

^1 

-J 

SUBTAS 

K 

DESCRIP 

TION 

Click  the 
Close 
Window 
box 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

CL 

xEz 

woo 

<  w  £ 
o 

9 

* 

< 

1- 

o 

o 

00 

o 

CO 

CM 

O 

T“* 

CO 

T— 
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NOTES 

FEEDBA 

CK 

Confirms 
that 
controller 
knows  a 
restricted 
command 
is  being 
sent 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
atinq 

Arrow 
turns  blue 

Read  the 
number 
from  the 
ACS 
DELTA  V 
MANEUV 
ER  page 

TIME 

(hh:mm:s 

S) 

0:00:05 

0:00:05 

0:00:05 

iO 

o 

o 

o 

o 

0:00:15 

Ul 

s 

DZ 

o 

111 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

mouse, 

right 

display 

INFO 

SOURCE 

display  of 
once  per 
second 
data 

TLM  data 

INFO 

REQUIRE 

D 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 
Q 

informatio 

n 

§  2 

TO  ^ 

c  ® 

Cl 

m 

COGNITI 
VE  / 

DECISJO 

N 

X 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click 

ENABLE 

to 

authorize 

sending 

restricted 

command 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Go  to 
ACS  (right 
display) 
and  verify 
DSPIN 
and  other 
values  are 
acceptabl 
e 

TASK 

DESCRIP 

“ION 

TASK  ID 

1.3.103 

1.3,104 

1,3.105 

1.3.106 

1.3.107 
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CO 

LU 

1- 

o 

2 

This  could 
probably 
be 

automate 
d.  When 
the 

controller 
moves  on, 
this 
should  be 
restored 
to  the 
safe, 
default 
state 
without 
any 
additional 
controller 
action. 

< 

m 

o  ^ 

UJ  o 

US 

LL 

A  pop  up 
window  is 
displayed 
on  the  left 
monitor 

The  circle 
in  fromt  of 
the 
selected 
option 
becomes 
filled  in. 

(The 
circles  are 
hollow 
when  the 
option  is 
not 
selected) 

f;  »  c  w 

&  °  w  *0  fe 
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o 
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o 
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o 
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o 

o 
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O  w 
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E  d 
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© 
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E  d 
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©  CD 
-J  CL 

W 

d 

UJ 

S% 

CO 

UJ 

o| 

zo° 

—  UJ 

GC 

COGNITI 

VE/ 

DECISIO 

N 

_j 

< 

CO 

> 

X 

X 

t 

< 

o 

o 

5 

-1 

< 

D 

2 

< 

£ 

X 

X 

X 

X 

2 

UJ 

h 

CO 

-J 

-1 

2 

(0  0. 

<  ccz 

fc*00 

3  UJ  ^ 

CO  O 

Read  the 
instruction 
s  on  the 
Pass  Plan 

§  IIS*! 

®  E 1 

o§  c| 

o  o 

Click  on 
NORMAL 
MODE 
button 

Click  the  x 
box  to 
close  the 
window 

C  C  O  0)  c 

O  $  —  3  CD 

J*  o  5  C  a 

M  13  2  c  « 

O  ra  g  ro 

Read  the 
instruction 
s  in  the 
Pass  Plan 

0L 

*  E  2 
eg  o  O 

o 

9 

* 

CO 

< 

1- 

■ 

05 

o 

co 

T~ 

o 

CO 

■ 

9 

9 
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after  first 
volley  you 
would 
continue 
from  page 

5  to  page 

6  in  the 
pass  plan, 
Page  6 
contains 
informatio 
n  about 
the 
second 
and 
subseque 
nt  volleys 

FEEDBA 

CK 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

TIME 

(hh:mm:s 

s) 

0:00:15 

0:00:15 

in 

o 

o 

o 

6 

0:00:05 

EQUIPME 

NT 

Right 

display 

Right 

display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

Desired 
value  is  in 
the  pass 
plan, 
actual 
value  in 
the  ACS 
DELTA  V 
MANEUV 
ER  page 

DSPIN 
value  is  in 
the  ACS 
DELTA  V 
MANEUV 
ER  page 

INFO 

REQUIRE 

D 

Desired 
value  and 
actual 
values  of 
SPINA 

DSPIN 

value 

H  2 

z  m 

0^02 
O  ^  ui 

O  Q 

X 

X 

< 

m 

> 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Verify  that 
the 
SPINA 
value  on 
the  ACS 
DELTA  V 
MANEUV 
ER  page 
matches 
the  value 
SE 
entered 
into  the 
pass  plan 

Verify 
DSPIN  is 
in  the 
range  of 
plus  or 
minus  0.4 

Click  on 
the 

command 
in  the  left 

screen. 

Click  on 
the 
"MAKE 
CURREN 
TM  item  in 
the  pop 
up 

CL 

iiirz 

00(5 

<  C/5 

1—  JJU  * 

D 

TASK  ID 

1.3,114 

1.3.115 

1.3.116 

1.3.117 
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CO 

LU 

o 

z 

< 

CD 

D  * 

LU  O 

tu 

u. 

! 

5 

o  .£ 
fc  Q. 

<  <0 

E 

3 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
atinq 

$  CD 

O  3 
fc  -Q 
<  to 

E 

3 

A  pop  up 
window 
appears 

CO 

LU  E 

H  ii 
.c 

LO 

o 

6 

o 

6 

in 

o 
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o 
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in 
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LU 

s| 
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o  © 

E  'o 

% 

>* 

<D  CO 
-1  CL 
<0 
*D 

CO  ^ 

3  CL 

o  © 

E 

I 

♦=■  >s 

o>5 
ir  & 

TD 

co  5 

3  CL 

o  © 

E  ‘o 

© 

LU 

Lu 

CO 

' 

display  of 
once  per 
second 
data 

Desired 
value  is  in 
the  pass 
plan,  the 
actual 
value  is  in 
the  TLM 

LU 

o  £ 

—  UJ 

tc 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 

9 

informatio 

n 

Desired 
and  actual 
values 

F  Q 

2  ^  CO 

o  Sioz 

O  ^  LU 

o  o 

X 

X 

< 

3 

CO 

> 
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X 

t 

< 
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o 

5 

_J 

< 

3 

Z 

< 

S 

>< 
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X 

Z 

LU 

h 

CO 

-J 

-J 

2 

1 

S  Ez 
fcyUO 
S>  co  c 

3  LU  K , 
«  O  1 

o 

T? 

£ 

> 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
daia  *s 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Verify 
CMD  REG 
value  on 
ACS 
DELTA  V 
MANEUV 
ER  screen 

Click  on 
the 

command 
in  the  left 

1 

Cl 

*  cc  z 
WOO 
<  CO  2 

1  UJ  ^ 

o 

/ 

g 

$ 

H 

00 

CO 

Oi 

CO 

o 

eg 

CO 

T— 

cm 

CO 

r- 

C\J 

CM 

CO 
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NOTES 

< 

m 

o  * 

IIJ  O 

tu 

LL 

An  arrow 
appears 
to  the  left 
of  the 
command 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 

Arrow 
turns  blue 

TIME 

(hh:mm:s 

») 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EOUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

INFO 

SOURCE 

display  of 
once  per 
second 
data 

INFO 

REQUIRE 

D 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 
9 

informatio 

n 

N 

0ISI03G 
/3  A 

HINDOO 

X 

VISUAL 

X 

£ 

< 

a 

o 

s 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

TASK 

DESCRIP 

TION 

TASK  ID 

1.3.123 

CM 

T~ 

CO 

T— 

1.3.125 

1.3.126 
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C/) 

UJ 

h- 

O 

z 

These 
values  are 
close 
together 
on  the 
page,  so  it 
takes  only 
slightly 
longer  to 
verify  both 
values 
than  if  just 
one  value 
was  being 
verified 

■ 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

?  ■* 
o  - 

fc  CL 
<  V) 

E 

2 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 

0) 

iu  E 

1  E  w 

t-  X 

o 

C\J 

d 

o 

o 

in 
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o 

in 

o 
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o 

o 
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o 

o 

o 

o 

in 

o 

o 

o 

o 

UJ 

£ 

£:  H* 

5z 

O 

UJ 

**  >> 

64 

s » 

"6 

sf 

D  Q- 

o  w 

E  ^ 

0> 

s'f 

D  Cl 
o  W 

E  '-6 

_Q) 

s'! 

D  CL 

o  w 

E  s 

err 

a> 

>> 

0)  co 
-J  a 
</> 

Desired 
values  are 
in  the 
pass  plan, 
actual 
values  are 
in  the  TLM 
data 

display  of 
once  per 
second 
data 

UJ 

£§° 

—  UJ 

DC 

Desired 
and  actual 
values  of 
these 
variables 

Controller 

determine 

sif 

satellite  is 
receiving/t 
ransmittin 

g 

informatio 

n 

p  o 

z  «/> 

a  £5Z 

O  ^  uj 

O  D 

X 

X 

1 

-J 

< 

=> 

CO 

> 

X 

X 

> 

H 

.J 

< 

D 

O 

£ 

-J 

< 

z 

< 

£ 

X  ( 

X 

X 

Z 

Ul 

h 

co 

_J 

-J 

< 

H 

CO  9: 

<  tr  z 

S3  co  - 

Z>  UJ  r- 

CO  Q 

Verify  two 
more 
values 
(earth 
pointing 
error  and 
SUBMOD) 
on  the 
ACS 
DELTA  V 
MANEUV 
ER 
screen. 
EPE  will 
be 

scrolling 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

0- 

*  CC  Z 

goo 

o 

g 

* 

CO 

< 

H 

Is- 

OJ 

CO 

T- 

00 

CM 

T— 

CO 

T— 

03 

CM 

r— 

CO 

v— 

o 

CO 

CO 

CO 

CO 

T— 
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if) 

UJ 

t- 

O 

z 

c  c 

CO 

5  8 

ns 

1 

< 

CD 

D 

m  o 

Ul 

u_ 

satellite  is 
communic 
ating 

$  g> 
o  J2 
fc  XI 
<  to 
c 

3 

Next  page 
of  the 
Pass  Plan 
appears 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

0 

uj  £_ 

S  E? 
i-ii 
£ 

to 

O 

o  . 

o 

o 

to 
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o 
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to 
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0) 
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ID 

<j>  ^ 
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3  Q. 
o  to 

© 

q>  S' 

3  Q. 

O  in 
£^ 

i 

s‘| 

o  to 
£^ 

JD 

1 

Ui 

11 

CO 

Desired 
value  is  in 
the  pass 
plan, 
actual 
value  is  In 
the  TLM 
data 

1 

UJ 

o  1 

£8° 

—  UJ 

sc 

Desired 
and  actual 
values 

1 

P=  0 

2  ^  CO 

o>5  z 
O  ^  uj 

0  D 
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=3 

CO 
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X 
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S 

_J 

< 

13 

Z 

< 

2 

X 

1 

X 

X 

X 

Z 

Ul 

h 

CO 

-I 

-1 

< 

H 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Verify 
CMDREG 
value  on 
the  ACS 
DELTA  V 
MANEUV 
ER  page 

Click  on 
the  down 
arrow  on 
the  Pass 
Plan  to  go 
to  next 
page 

Click  on 
the 

command 
in  the  left 

screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 

a. 

^  (T  2 

CO  O  0 

□ 

Q 

CO 

< 

h- 

CM 

CO 

CO 

CO 

CO 

CO 

f- 

CO 

CO 

T— 

to 

CO 

CO 

to 

CO 

CO 

T— 
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3 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 

atinn 

n  §  ® 
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UJ  E 

1  Em1 
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£  »- 
5z 
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UJ 
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3  CL 
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a> 

<d  cd 
-j  Q. 

CO 

b 

$  1 5 

3  Q. 
o  co 

E  =6 

© 

!>! 
ir  w 
b 

UJ 

II 

if) 

display  of 
once  per 
second 
data 

Desired 
value  is  in 
the  pass 
plan, 
actual 
value  is  in 
the  TLM 
data 

UJ 

o£ 

£8° 

—  UJ 

cc 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 

9 

informatio 

n 

T3  CO 
®  3  § 

8  Sf 

O  -o 
c 

CD 

COGNITI 
VE  / 

DECISIO 

N 

X 

X 

— i 
< 

3 

CO 

> 

X 

X 

J 

< 

3 

Z 

< 

S 

X 

X 

z 

UJ 

CO 

-J 

< 

K 

SUBTAS 

K 

DESCRIP 

TION 

a  a.  $ 

&3| 

©  .£ 

S  S  i 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

verity  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Uick  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

verify 
INHIBIT 
value  on 
ACS 
DELTA  V 
MANEUV 
ER  page 

0- 

*  CC  Z 

2  o  o 

S  co  - 
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2 
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FEEDBA 

CK 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 

Arrow 
turns  blue 

TIME 

(hh:mm;s 

S) 

o 

d 

o 

o 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EQU1PME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

INFO 

SOURCE 

display  of 
once  per 
second 
data 

INFO 

REQUIRE 

D 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 
9 

informatio 

n 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

t 

< 

a 

o 

5 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

TASK 

DESCRIP 

TION 

TASK  ID 

1.3,141 

CM 

CO 

1.3.143 

1 

CO 

1.3.145 
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UJ  O 
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U_ 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

5  -* 
o  S 
t  Q. 

<  0) 

E 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 
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CD  <0 

-1  Q. 
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ii 

w 

Desired 
value  is  in 
the  pass 
plan, 
actual 
value  is  in 
the  TLM 
data 

display  of 
once  per 
second 
data 

UJ 

o| 

zoD 

“  UJ 

cc 

Desired 
and  actual 
values 

Controller 
determine 
s  if 

satellite  is 
receiving/t 
ransmittin 

g 

informatio 

n 

H  9 

Z  w 
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Z 

UJ 

<!> 
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* 

-j 

< 

H 

SUBTAS 

K 

DESCRIP 

TION 

Verify 
ASJEBB 
value  on 
ACS 
DELTA  V 
MANEUV 
ER  page 

Click  on 
the 

command 
in  the  left 
screen. 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

a 

^£EZ 
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NOTES 

FEEDBA 

CK 

Arrow 
turns  blue 

Arrow 

moves 

showing 

progress 

executing 

procedure 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

Arrow 
turns  pink 

TIME 

(hh:inm:s 

s) 

0:00:05 

0:00:15 

0:00:05 

0:00:05 

0:00:05 

LLi 

s 

9=  K 

52 
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INFO 
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Click  on 
the  arrow 
to  the  left 
of  the 
command 
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time 

Verify 
CMDREG 
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the  ACS 
DELTA  V 
MANEUV 
ER  page 

Click  on 
the 

command 
in  the  left 
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Click  on 
the 
''MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
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TASK 

DESCRIP 

TION 

TASK  ID 

1.3.151 

1.3.152 
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Verify 
DEL  value 
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Click  on 
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FEEDBA 

CK 

An  arrow 
appears 
to  the  left 
of  the 
command 

Arrow 
turns  pink 

data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 

Arrow 
turns  blue 
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mouse, 
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mouse, 
left  display 
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mouse, 
left  display 
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once  per 
second 
data 

INFO 
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MODALITY 
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X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 
"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

TASK 

DESCRIP 

TION 

TASK  ID 

1.3,161 

1.3.162 

1,3.163 

1.3.164 
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in  the  left 
screen. 

Click  on 
the 
"MAKE 
CURREN 
1"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
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The 

informatio 
n  to  b© 
looked  at 
is 

specified 
either  in 
the  pass 
plan  or  by 
the 

Satellite 
Engineers 
if  it  is  out 
of  the 
ordinary. 

The 

binder 

contains 

the 
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n 

recorded 
during  the 
last  pass 

The  old 
entrys  are 
erased 
and 

replaced 
with  the 
current 
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right 

workstatio 

n 

Click  on 
the 

desired 
button  to 
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frame 
displayed 
on  the 
right 
screen. 

The 

button  is 
one  of  a 
set  in  the 
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hand 
corner  of 
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display. 

Fill  in 
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TION 
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status 
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CO 

eg 

1.2.1 
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The  DTU 
field  is  in 
the  lower 
portion  of 
the 
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four)  data 
columns 
from  the 
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of  the  Bus 
SOH 
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BTU  field 
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variale 
error 

value  in 
the  upper 
part  of  the 
leftmost 
column  of 
the  SNAP 
Daae 

Examine 
time  of 
last 

plenum 

pressure 

check  and 

compare 

with 

current 

time.  If 

not  within 

limits 

pumping 

is  needed 

to  bring 

pressure 

to  within 

bounds 

< 

03 

D  * 

Ui  O 

ui 

u. 

(A 

1U  E 

S  £  vT 

h  a 

ID 

o 

o 

o 

UJ 

2 

a  h 

52 

o 

Ui 

Right 

display, 

SNAP 

screen 

**  S' 

O’  S’ 

CC  x> 

ui 

u.  5 

s§ 

CO 

ui 

oE 

20° 

“  UJ 

a: 

COGNITI 
VE  / 

DEC1SI0 

N 

X 

1 

-j 

< 

3 

CO 

> 

X 

< 

Q 

O 

5 

-1 

< 

3 

Z 

< 

s 

z 

£ 

CO 

Hi 

* 

< 

I- 

SUBTAS 

K 

DESCRIP 

TION 

<§, 

-7  D) 

co  a. 

Determine 
whether  or 
not 

Plenum 
has  been 
pumped 
to  make 
thursters 
work.  Has 
to  be 
pumped 
every  8 
hrs  or  so. 
This  is  a 
check  to 
see  if 
pressures 
are  within 
limits 

£ 

^  CL 

tr  <  ® 
iSz  S5 

CO  CO  Q. 

CL 

*  DC  z 

WOO 

2£2~ 

o 

Conclusio 
n  o’ 

corfigurati 

on 

verficatio 

n 

to 

CO  CO 

a 

CO 

< 

H 

CD 

eg 

CO 

y— 

CO 
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NOTES 

MC  goes 
item  by 
item 

comparing 
nominal 
values/ran 
ges  with 
those  in 
book.  If 
outside  of 
bounds 
then  MC 
will  record 
the  out-of- 
tolearance 
values 
and 

advise/bri 
ef  the  SE. 
Tabled 
values  are 
in  binder. 

On  3160 
the  impact 
sensors 
are  set  to 
be 

triggered 
at  IDG. 
Other 
satellites 
have 
different 
values.  If 
this  flag  is 
set  it 
means 
that  at 
least  one 
impact 
was 

detected. 

It  doesn't 
tell  you 
how  many 

FEEDBA 

CK 

uj  E 

I  E  eT 

H  E 

0:00:15 

0:00:15 

EQUIPME 

NT 

right 

display, 

satellite 

binder 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

P  ’  o 

2  **■*  m 
o  ^  o  z 

O  ^  yj 

O  D 

X 

X 

VISUAL 

X 

> 

H 

< 

D 

O 

S 

MANUAL 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Compare 

values 

with 

values  in 
book,  item 
by  item. 
There  are 
about  61 
items  to 
be 

checked. 

ISAALA  is 
impact 
sensor, 
will  be 

YES  if 
impact 
exceeds 
limit,  NO  if 
no 

impacts 
greater 
than  or 
equal  to 
limit.  (Can 
be  set  off 
by  solar 
wind!)  For 
the  next 
step  in 
this  task 
analysis  it 
is 

assumme 

TASK 

DE3CRIP 

HON 

TASK  ID 

1.3.2 

1.3.3 

_ 

193 


Al  -  152 


SBfR  Phase  2  Firal  Report  Space  Operator  Consoles  Monterey  Technologies .  Inc. 

Contract  No.  F3-615-00-C-6006 


CO 

ill 

1- 

o 

z 

impacts 
have  been 
detected. 

1 

CONTCT 
button  is 
an  item  on 
the  menu 
at  the  top 
of  the 
screen.  It 
causes  a 
pull  down 
menu  to 
appear 

< 

m 

Q  * 

LU  o 

ui 

LL 

0) 

UJ  E 

I  ETo 

I-  if 
£ 

IT) 

O  ! 

o 

o 

o 

Ui 

S 

Sb  H 

52 

0 

UJ 

* 

>. 

05 

CD  w" 

D  XJ 

o  & 

E  © 

UJ 

og 

si 

CO 

UJ 

o| 

^o° 

—  UJ 

tr 

COGNiTI 

VE/ 

DECISIO 

N 

■ 

>* 

t 

-J 

< 

o 

o 

5 

< 

u 

z 

< 

s 

X 

z 

UJ 

J— 

CO 

-J 

_l 

< 

1- 

SUBTAS 

K 

DESCRIP 

TION 

d  that  the 
Impact 
Sensor 
has  been 
triggered 
and  the 

MC  is  to 
reset  it. 

Go  back 
to  left 
hand 
screen, 
Click  on 
CONTAC 

T 

Q. 

*  tr  z 
200 
?i3- 

Q 

Conclude 
s  State  of 
heclth. 

MC  would 
complete 
SOH  even 
if  an 

anomaly 

weie 

found. 

CD  ® 

CO  w 

C  o  £ 

4  (C  K. 
2*  ct  u 

©  p  to 
CD  J=  C 

9 

* 

CO 

< 

h- 

■ 

T— 
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NOTES 

The  arrow 
{a 

triangle) 
brings  up 
a  "pick 
list".  The 
MC  can 
select  the 
next 

command 
procedure 
from  this 
"Pick  List" 

The  MC 

must 

either 

memorize 

the 

groupings 
of  the 
functions, 
or  must 
manually 
search  the 
lists. 

FEEDBA 

CK 

a  window 
opens  and 
the  pull 
down 
menu 
disappear 
s  when 
the  MC 
clicks  on 
this  item 

A  second 
level  "pick 
list" 

containing 

the 

command 
s  in  that 
group 
appears 

Selected 
item  is 
highlights 
d  and 
entered 
into  the 
text  box. 

m 

uj  E 

1  E« 

*-  if 
£ 

iO 

o 

o 

o 

o 

0:00:05 

o 

6 

o 

o 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

> 

b~ 

< 

Q 

O 

S 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
EXECUTE 
COMMAN 
D 

PROCED 
URE  in 
the  pull 
down 
menu 

Click  on 
the  arrow 
key  to 
bring  up 
the  list  of 
available 
procedure 
s,  (a  pull 
down 
menu) 

Click  on 
the  Select 
Command 
procedure 
desired  in 
the  list  of 
available 
procedure 
s 

Click  on 
the 

procedure 

that 

should  be 
executed 
in  the  list 
of 

procedure 

s 

TASK 

DESCRIP 

HON 

TASK  ID 

CSJ 

1.4,3 

1.4,4 

1.4,5 
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s 
§ 
t  o 

Is 

-«* 

3  ». 

cm  , 

If 

5  O 


NOTES 

The  pass 
plans 
selected 
are  from 
the  Pass 
Action 

Plan 

The  text 
tells  the 

MC  what 
the  pass 
plan  does, 
and 

something 
about  the 
actions 
that 

should  be 
taken. 

This  can 
include 
criteria  for 
contacting 
aSE. 

0:00:15 

0:00:05 

o 

6 

o 

o 

in 

o 

o 

o 

o 

o 

o 

o 

o 

left  display 

mouse, 
left  display 

>, 

to 

CL 

V) 

~o 

a> 

mouse, 

right 

display 

>. 

to 

CL 

{/) 

d 

a> 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE/  ' 
DECISIO 

N 

X 

VISUAL 

X 

X 

X 

MODALITY 

MANUAL 

X 

X 

1 

LISTEN 

1 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Verify  that 
correct 
pass  plan 
selected. 

O 

.X 

o 

O 

Read 

Pass  Plan 
to  refresh 
MC  on 
what  Pass 
Plan 
does. 

Click  on 
the  SNAP 
page 
button  in 
the  right 
screen 

Go  back 
to  left 
screen 

and 

continue 

reading 

pass 

plans 

1 

TASK 

DESCRIP 

1ION 

1 

TASK  ID 

1.4.6 

1.4.7 

CO 

1.4.9 

1.4.10 

m 
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1 

if) 

m 

H 

O 

Z 

Values 

are 

located  in 
the  upper 
portion  of 
the 

second 

data 

column 

from  the 

left  on  the 

SNAP 

screen. 

This 

process  is 

outlined 

above. 

The 

purpose 
of  redoing 
the  SOH 
is  to 

determine 

if  the 

impact 

effected 

other 

systems. 

if  the 
values  of 
any 

parameter 
s  are  out 
of  limts 
record 
them  for 
use  in 
briefing 

SE.  If  no 
values  out 
of  limits 
then  reset 
the  flag. 

1 

< 

m 

o  * 

uu  O 

LU 

!JL 

1 

m 

uj  £ 

H  £  To 
Hi: 

£ 

o 

CSJ 

6 

o 

6 

o 

CO 

o 

o 

6 

1 

UJ 

S 

£  H- 

o 

UJ 

Jr  * 

2>  M 

CC  ■5 

Both 
screens 
and  the 
list  of 
nominal 
values. 

Paper  and 
pencil, 

Right 

display. 

Ora 
screen 
dump  of 
the  right 
display  to 
get  record 
of  values 

1 

UJ 

LL  ^ 

5g 

CO 

1 

UJ 

o§ 

—  UJ 

DC 

1 

P  o 

2  CO 

O  ^  UJ 

O  Q 

X 

X 

1 

-J 

< 

CO 

> 

X 

X 

X 

< 

z> 

z 

< 

5 

X 

X 

1 

z 

UJ 

h 

CO 

_J 

1 

-J 

< 

H- 

1 

SUBTAS 

K 

DESCRIP 

TION 

Go  back 

to  right 

screen 

(SNAP 

Page) and 

visually 

verify 

ISALLA 

and/or 

ISA  ALB  = 
NO 

Go  back 
to  left 
screen. 
Rerun 

SOH  per 
pass  plan. 
This  will 
insure  that 
nothing 
else  is  out 
of  limits. 

If 

something 
else  is  out 
of  limits 
you  right  it 
down. 
Complete 
SOH  so 
you  have 
enough 
informatio 
n  before 
going  and 
getting  SE 

1 

Q_ 

*ir  2 
«2  o  o 

I—  UJ 

D 

q 

* 

< 

j— 

CM 

y~~ 

CO 
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NOTES 

Visual 
inspection 
.  You 
want  to 
determine 
if  the  a  or 

B  side 

detector 

was 

triggered. 
You  need 
this  to 
follow  the 
decision 
tree  in  the 
Dass  Dlan. 

on  the 
pass  plan 
on  the  left 
display 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 

0:00:05 

o 

T— 

6 

o 

6 

0:00:15 

0:00:15 

EQUIPME 

NT 

mouse, 
left  screen 

CL 

W 

‘■6 

© 

right 

display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Go  to  next 
page  on 
Pass  Plan 
by  clicking 
on  the 
down 
arrow 

Ms  I 

ro  *$<  £=  co 

®  ©  ._  CO 
GC  c  O  Q. 

Go  to 

SNAP 

screen  on 

right 

display 

and 

determine 
if  A  side  or 
B  side 
(ISAALA 
or 

ISAALB) 
is  YES 

For  the 
side  you 
want  to 
change, 
left  click 
on 

command 
desired  in 
the  pass 
plan 

TASK 

DESCRIP 

TION 

TASK  ID 

1.4.14 

1.1.15 

CD 

T— 

1.1.17 
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1 

m 

m 

H 

o 

z 

on  the 
pass  plan 
on  the  left 
display 

on  the 
pass  plan 
on  the  left 
display 

1 

< 

CD 

G  ¥ 

mo 

m 

LL 

When  the 
command 
is  “Made 
Current", 
an  arrow 
appears 
to  the  left 
of  the 
command 
in  the 

Pass  Plan 

button 
turns  pink 
when 
ready  to 
be 

executed, 
(Actually, 
the  first 
click  loads 
the 

command 
onto  the 
workstatio 
n  and  the 
second 
click 

executes 

the 

command, 

) 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communis 
ating 

1 

m  E 

I  Em 

jS 

lO 

o 

o 

o 

o 

to 

o 

o 

o 

o 

LO 

o 

6 

o 

o 

1 

uj 

2 

£  H 
=52 

O 

yj 

S' 

-  CL 
§-« 

1 1 

tc 
-  CL 

§=§ 

1 1 

>, 

m 

Cl 

q>  w 

-J  ID 

1 

ui 

og 
u-  5 

-o 

m 

Display  of 
once  per 
second 
data 

1 

m 

o| 

£§° 

—  LU 

QC 

Controller 
determine 
s  if 

satellite  is 
receiveing 
/transmitti 
ong  data 

1 

h  o 

Z 

oMz 

O  >  ILl 

O  D 

X 

1 

-J 

< 

D 

m 

> 

X 

1 

-j 

< 

G 

Z 

< 

2 

X 

X 

1 

z 

UJ 

H 

if) 

□ 

1 

-J 

< 

>- 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 

MAKE 

CURREN 

T  from  the 
pull  down 
menu 

Click  on 
the 

ARROW 
to  execute 
the 

current 

command 

It  turns 
pink  to  let 
you  know 
that  you 
are  about 
to  execute 
the 

command 

Vertify 
that  data 
is  being 
received 
at  the 
once  per 
second 
rate. 

1 

a. 

^  DC  z 

goo 

h  yj  ^ 

D 

1 

g 

* 

m 

< 

i- 

00 

T— 

05 

T— 

o 

CM 
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NOTES 

on  the 
pass  plan 
on  the  left 
display 

This  time 

varies 

epending 

on  the 

number  of 

cycles 

required 

FEEDBA 

CK 

Button 
next  to  the 
step  will 
turn  green 
when 
command 
sent,  red  if 
command 
not  sent 

The  value 
of  the 
impact 
sensor  will 
change. 
The  MC 
will  repeat 
the 

comand 
until  this 
value 
reaches 
the 

desired 

value. 

read  value 
on  the 
right 

display.  If 
the  flag  is 
not  set  or 
the  value 
<>  10  G 
then 

repeat  the 
process. 

TIME 

(hh:mm:s 

s) 

0:00:05 

o 

d 

o 

o 

EQUIPME 

NT 

mouse, 
left  display 

Right  - 
display 

ISAALA 
flag  and 
ISASTA 
value  on 
the  right 
display 
contain 
the 

criteria. 

The  left 
display  is 
where  the 
MC 

initiates 
the  action 
to  change 
these 
values 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

MODALITY  | 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  arrow 
again  to 
execute 
that 

command 

Read  the 

value  on 

the  SNAP 

page 

(right 

hand 

screen) 

The  next 
step  in  the 
pass  plan 
tells  MC  to 
repeat 
previous 
command 
until 

ISAALA  = 
NO  and 
ISASTA  = 
10G.  This 
may 

require  a 

number 

(e.g., 

eight) 

replication 

s  of  the 

command 

TASK 

DESCRIP 

TION 

TASK  ID 

,r- 

C\J 

T— 

1 .4.22 

1.4.23 
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NOTES 

The  pass 
plan 

contains 

an 

estimate 
of  how 
long  this 
procedure 
should 
take.  This 
informatio 
n  is  just 
before  the 
end  post. 

It  really 
should  be 
at  the  start 
so  that  the 
MC  can 
determine 
if  enough 
time  is 
available 
in  the 
contact  to 
complete 
the 

procedure 
and  to 
accomplis 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 

0:00:05 

EOUIPME 

NT 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

* 

MODALITY 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

to  get  to 
the 

desired 
value.  It 
is  a 

circular 

command. 

Make 

END 

POST 
step 
current 
(end  post 
is  a  semi¬ 
circle  with 
an  up 
triangle  in 
it) 

TASK 

DESCRIP 

TION 

TASK  ID 

1.4,24 
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NOTES 

h  the 
other 
goals  for 
that 

contact. 

FEEDBA 

CK 

The  left 
display 
returns  to 
the  pass 
plan 

A  pop  up 

window 

appears 

TIME 

(hh:mm:s 

s) 

• 

0:00:05 

in 

tj- 

6 

o 

6 

o 

CO 

6 

o 

o 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

grease 
pencil/wat 
er  based 
marker  in 
the 

satellite's 
configurati 
on  log 
book 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

. 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
end  post 
will  send 
you  to 
pass  plan. 

Pass 
through 
steps  in 
pass  plan 
that  you 
don't  want 
to  execute 

Write  T&V 
count  in 
satellite 
configurati 
on  status 
sheet 

Click  on 
the  SAVE 
CURREN 

T 

CONFIG 

command 

TASK 

DESCRIP 

TION 

Finished 

Impact 

Sensor 

Return  to 
SOH 

TASK  ID 

1.4.25 

1.4.26 

1.4.27 

1.5 

Ip 
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NOTES 

"Fading” 
means  to 
end  the 
contact 

FEEDBA 

CK 

arrow 
appears  In 
the  pass 
plan 

Arrow 
turns  pink 

Arrow 
turns  blue, 

TIME 

(hh:mm:s 

s) 

to 

o 

6 

o 

6 

0:00:05 

0:00:05 

to 

o 

o 

o 

o 

Ul 

2 

S:  H 

O 

tu 

mouse, 
left  display 

mouse. 

Left 

display 

mouse. 

Left 

display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

> 

h* 

< 

Q 

O 

2 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 

"MAKE 

CURREN 

T 

COMMAN 

D 

ACTIVE" 
item  in  the 
pop  up 
window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Click  on 
the  arrow 
to  the  left 
of  the 

SAVE 

CURREN 

T 

CONFIG 
command 
to  execute 
the 

command 

Click  GO 
PASSIVE 
midway 
down  the 
screen  on 
the  right 
side  of  the 
screen 
(outside 
the  pass 
plan  area) 

TASK 

DESCRIP 

TION 

Fade  the 
support 

TASK  ID 

1.5.2 

1.5.3 

to 

T— 

to 

CD 

T— 
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NOTES 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  APA 
RESET 
midway 
down  the 
screen  on 
the  right 
side 

outside  of 
the  pass 
plan  area 

Click 

DISCONN 

ECT 

FROM 

RTS  This 
button  is 
loated 
near  the 
top  of  the 
screen  on 
the  right 
side, 
outside 
the  pass 
plan  area 

Click 

DECONFI 

GURE 

AIM.  This 
button  is 
located 
near  the 
bottom  on 
the  right 
side  of  the 
screen 
outside  of 
the  pass 
plan  area 

TASK 

DESCRIP 

TION 

Continue 
with  steps 
in  Pass 
Plan  to 
end  the 
contact 

TASK  ID 

1.6.2 

1.6.3 

C£> 
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center 
portion  of 
the 

screen. 

The  MC 
watches 
this 

window  to 
see  if 
progress 
is 

occuring 
at  the 
expected 
rate. 

FEEDBA 

CK 

GO 

MANUAL 

step 

appears 

on  the  left 

display. 

Also,  the 

TLM  blob 

should  be 

read, 

indicating 

that  you 

are  no 

longer 

getting 

telemetry. 

An  arrow 
appears 
to  the  left 
of  the 
command 

The  arrow 
turns  pink 

TIME 

(hh:mm:s 

s) 

LO 

o 

o 

o 

o 

0:00:05 

0:00:05 

EQUIPME 

NT 

Mouse, 
left  display 

Mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  GO 
MANUAL 
command 

Click  on 
the 

"MAKE 
CURREN 
T*  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 

TASK 

DESCRIP 

TION 

TASK  ID 

1.7.6 

1.7.7 

1.7.8 
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CO 

UJ 

H 

o 

z 

< 

CD 

O  id 

UJ  O 

UJ 

U. 

a.  a. 

3  3 

9  (ft 
o>  9- 
ra  Q- 
£ 

The  list  of 
pass 
plans  is 
remved 
from  the 
screen 
and  the 
desired 
pass  plan 
in  entered 
into  the 
name  field 

The  Pass 
Plan 
selection 
window  is 
removed 
from  the 
screen, 
and  the 
new  pass 
plan  is 
displayed 
in  the  left 
screen 

(ft 

UJ  E 

S  E  oT 
l»  i: 

LO 

O 

O 

O 

6 

in 

o 

6 

o 

6 

n 

o 

§ 

6 

o 

Y"“ 

6 

o 

o 

UJ 

2 

9:  K 

=>  z 

O 

UJ 

8  4 

3  CL 
o  (ft 

E  =6 

Q)  2T* 

S  -g 

3  CL 

o  w 

E  « 

_Q) 

CD 

S  -g 

3  CL 

o  w 

E  T3 

% 

>> 
a>  ro 

-*  CL 
(ft 
"6 

UJ 

O 

u»  £ 

-  o 

CO 

UJ 

oE 

“  UJ 

DC 

COGNITI 

VE/ 

DECISIO 

N 

-j 

< 

3 

CO 

> 

IBIH 

X 

-1 

2 

o 

s 

< 

3 

Z 

< 

2 

X 

■i 

X 

z 

r 

CO 

_J 

id 

_i 

2 

SUBTAS 

K 

DESCRIP 

TION 

CO  Cft 
o  CO  C 
Cl  W  co 

1  “ 
D) 

Scroll 
through 
the  list  of 
pass 
plans  to 
find 
desired 
pass  plan 

Click  on 
the 
desired 
pass  plan 

c  * 

°o 

o 

b 

The  pass 
plan  now 
appears 
on  the  left 
display 
(aka.  the 
G2 

window). 
Read  the 

Q. 

*  CC  2 

2?°o 

o 

1 

□ 

id 

a: 

h- 

in 

T— 

CD 

N 

r— 

r— 

00 
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FEEDBA 

CK 

The  LINK 
2  page  is 
displayed 
on  the 
right 
screen. 

This 
screen 
has  a  set 
of  buttons 

A  page  of 
Link  2 
TLM  data 
is 

displayed 
on  the 
right 
monitor 

TIME 

(hh;mm:s 

s) 

0:00:05 

0:00:05 

0:00:15 

o 

r* 

O 

O 

o 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

Left 

display 

Right 
display  (to 
see  the 
actual 
value  in 
the  TLM 
data) 

Left 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

instruction 

s 

Click  on 
the  LINK 
2 

DISPLAY 
S  button 
on  the 
right 
screen 

Click  on 
the 
Comm 
System 
Config 
button  on 
the  LINK 

_ 2-Pa9e 

c  w  c 

£  .2  £  J5 

*D  O  c  Q_ 

S2"S 
0)  <2 
CC  |  « 

Verify 
Et2AOB  = 
On  on  the 
right 
screen 

®  c  ®  c 

■£  .2  £  « 

tJ  o  c  Q 
S2"  « 

o  +Z  W 

rr  c/)  tC 

C  Cl 

TASK 

DESCRIP 

TION 

TASK  ID 

• 

1.1.9 

O 

1,1.11 

1.1.12 

1.1.13 
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FEEDBA 

CK 

data 

screen 

appears 

a  pop  up 
menu 
appears 

an  arrow 
appears 
to  the  left 

TIME 

(hh:mm:s 

s) 

0:00:15 

o 

6 

o 

6 

0:00:05 

0:00:10 

0:00:05 

0:00:05 

EQUIPME 

NT 

Left 
display  (to 
see  what 
variable  to 
read  and 
the 
expected 
value)  and 
the  right 
display  (to 
see  the 
actual 
value  in 
the  TLM 
data) 

Left 

display 

mouse, 

right 

display 

Left 

display 

mouse, 
left  display 

mouse, 
left  display 

UJ 

kg 

0) 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

X 

VISUAL 

X 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

2 

UJ 

I- 

co 

-J 

TALK 

' 

SUBTAS 

K 

DESCRIP 

TION 

Verify 
EDBBRD 
=  the 
current 
data  rate 
(IK  would 
appear) 

Read  the 
next  step 
from  the 
pass  plan 

Click  on 
BUS  SOH 
button  on 
the  right 
screen 

Go  back 
to  the  left 
screen 
and  read 
instruction 
.  This 
tells  you 
that  the 
action  is 
to  set  the 
hi  gain 
antenna 
ON 

Click  on 
the 

command 
in  the 
Pass  Plan 

Click  on 
MAKE 
CURREN 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.14 

1.1.15 

CO 

1.1.17 

1.1.18 

1.1.19 
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FEEDBA 

CK 

The  next 
page  of 
the  Pass 
Plan 
appears 
on  the  left 
screen 

a  pop  up 
menu 

appears 

an  arrow 
appears 
to  the  left 
of  the 
command 

the  arrow 
turns  pink 

Data 

updating 

the  arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

IT) 

o 

6 

o 

o 

■ 

in 

o 

o 

o 

o 

0:00:05 

o 

o 

o 

d 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

for  an 
increase 
in  signal 
strength 

Click  on 
the 
Continue 
Arrow  to 
go  to  next 
page  on 
the  Pass 
Plan 

Click  on 
the 

command 
in  the 
Pass  Plan 

Click  on 
MAKE 
CURREN 
T  in  the 
pop  up 
menu 

Click  on 
the  arrow 
to  the  left 
of  the 
command 

Verify 
Once  Per 
Second 
data 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

©  ts  C  <D  C 

r  s  or  « 

■D  C  O  C 

co  5  —  w 

m  iz  © 

<r  “  « 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.26 

1.1.27 

1.1.28 

1.1.29 

o 

CO 

T™ 

CO 

r* 

1.1.32 
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FEEDBA 

CK 

the  right 
display 

Confirmati 
on  from 
the  ARTS 
operator 

A  pop  up 
window 
appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

The  arrow 
turns  pink 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 

TIME 

(hh:mm:s 

s) 

0:00:10 

o 

d 

o 

o 

0:00:05 

m 

o 

o 

o 

o 

0:00:05 

LO 

o 

o 

o 

o 

EQUIPME 

NT 

Left 

display 

Phone 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 
_ N 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

screen 

Go  back 
to  pass 
plan  and 
read 
instruction 
s 

Get  on 
phone 
and  alert 
the  ARTS 
operator 
that  you 
will  be 
commandi 
ng  to  128 
K  data 
rate. 

Click 
command 
to  make 
128  K 
active 

Click  on 
MAKE 
CURREN 
T  in  the 
pop  up 
window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.37 

00 

CO 

1.1.39 

1.1.40 

1.1.41 

1.1.42 
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FEEDBA 

CK 

that  the 
satellite  is 
communic 
atina 

The  arrow 
turns  blue 

a  pop  up 
menu 
appears 

an  arrow 
appears 
to  the  left 
of  the 
command 

TIME 

(hh:mm:s 

3) 

LO 

o 

6 

o 

6 

o 

o 

o 

o 

0:00:15 

0:00:05 

0.00:05 

EQUIPME 

NT 

mouse, 
left  display 

Left 

display 

Right 

display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

* 

COGNITI 
VE/  . 
DECISIO 
N 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Read 
instruction 
s  in  the 
Pass 
Plan.  This 
instruction 
tells  the 
controller 
to  verify  a 
particular 
value 

Verify 
value  on 
the 
COMM 
SYTEM 
CONFIGU 
RATION 
page  on 
the  right 
display 

Click  on 
the 

command 
in  the 
Pass  Plan 

Click  on 
MAKE 
CURREN 

T  in  the 
pop  up 
menu 

a. 

^£CZ 

°  o 

<  Cft  g 

H  Hi  ^ 

D 

TASK  ID 

1.1,43 

1.1.45 

1.1.46 

1.1.47 
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FEEDBA 

CK 

the  arrow 
turns  pink 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
atinq 

the  arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

0:00:15 

o 

o 

o 

6 

EQUIPME 

NT 

mouse, 
left  display 

left  display 

mouse, 
left  display 

Right 

display 

Phone 

Hi 

og 

2?  D 
-  O 
t/) 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  arrow 
to  the  left 
of  the 
command 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
a  second 
time 

Verify 
value  on 
the 
COMM 
SYSTEM 
CONFIGU 
RATTION 
page 

Phone 
ARTS  and 
tell  them 
you  have 
sent  the 
command 
and  ask 
them  to 
change 
their 
patches. 
You  will 
lose  TLM 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.48 

1.1.49 

1.1.50 

1.1.51 

1.1.52 
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< 

CD 

O  * 

ID  O 

ID 

UL 

The  name 
of  the 
pass  plan 
will  be 
entered 
into  the 
proper 
field,  and 
the 
windows 
containing 
the  group 
names 
and  the 
names  of 
the  pass 
plan  in  the 
group  will 
be 

removed 
from  the 
screen. 

The 
desired 
pass  plan 
will 

appear  in 
the  left 
disDlav 

c  2  .£  £  S' 

CL  (D  _J  0>-2 

3  O 8* 

8*1  *5 
m  * 

TIME 

(hh:mm:s 

s) 

0:00:05 

in 

o 

o 

o 

6 

o 

6 

o 

6 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

®  r  * 
w  o>-g 

D  -c  Q. 
o  to 

E  *6 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE/  • 
DECISIO 
N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 
desired 
pass  plan 

Click  on 
OK 

<D  C  <P  C 

£  0  £ 

o  c  °- 

(0  P  —  V) 

GC  £2  5 

C  ^ 

Click  on 
the  SNAP 
button  on 
the  right 
workstatio 
n 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2,5 

1.2.6 

h- 

c\j  i 

T— 

00 

cvi 
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a  range 
=/-  0.4 
was  in  the 
pass  plan 

FEEDBA 

CK 

Returns  to 
the  SOH 
pass  plan 

TIME 

(hhimmis 

s) 

0:00:15 

o 

o 

o 

o 

0:00:15 

0:00:05 

EQUIFME 

NT 

Left 
display  (to 
identify 
the 
variables 
and  the 
nominal 
values), 
and  the 
right 
display  (to 
see  the 
actual 
value  in 
the  TLM 
data) 

Left 
display  (to 
identify 
the 
variables 
and  the 
nominal 
values) 

Right 
display  (to 
see  the 
actual 
value  in 
the  TLM 
data) 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

X 

VISUAL 

X 

X 

X 

MODALITY 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

On  SNAP 
window 
veritfy 
state  of 
TCS  RPM 
(about  0 
when  not 
pumping, 
about 
7000  rpm 
if 

pumping) 

Read  the 
next 
instruction 
in  the 
pass  plan 

Verify 
TCaSTA 
values  are 
about  the 
same  as 
those 
displayed 
in  the 
pass  plan 

Click  on 
the  end 
arrow  to 
return  to 
SOH  pass 
plan 

TASK 

DESCRIP 

TION 

End  of 
TCS  to 
Circulate 
Pass  Plan 

TASK  ID 

1.2,9 

o 

CM 

V— 

c\i 

CM 

CM 
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The 

controller 
has  to 
know 
which 
group 
contains 
the  task 
plan  that 
is  needed. 

If  the 
controller 
doesn't 
know 
which 
group 
contains 
the  task 
plan  then 
he  must 
search  for 
it 

FEEDBA 

CK 

Pull  down 

window 

appears 

a  pop  up 

window 

will 

appear. 
This  pop 
up 

window  is 
where  the 
controller 
enters  the 
name  of 
the  pass 
plan  to  be 
run 

A  list  of 
pass  plan 
groups 
appears 

TIME 

(hh:mm;s 

S) 

0:00:05 

0:00:05 

0:00:05 

IK 

s 

9z  H 

o 

m 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
CONTAC 

T  on  the 
menu  bar 
on  the  left 
display 

Click  on 
EXECUTE 
COMMAN 
D 

PROCED 
URE  item 
in  the  pull 
down 
window 

Click  on 
the  arrow 
next  to  the 
name  field 
in  the  pop 
up 

window  to 
get 

respositor 

y  °f 

procedure 

s 

TASK 

DESCRIP 

TION 

Becin 

Eclipse 

Monitor 

TASK  ID 

- 

1.1.1 

CvJ 

1.1.3 
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manually; 
there 
aren't  any 
aids  to 
finding  it. 

FEEDBA 

CK 

A  window 
containing 
the  task 
plans  in 
that  group 
opens 

The 

windows 
containing 
the  list  of 
task  plans 
and  task 
plan 
groups 
are 

remved 
from  the 
screen 
and  the 
name  of 
the  pass 
plan  is  put 
into  the 
name  field 
in  the 
Selected 
Task  Plan 
windw 

TIME 

(hh:mm:s 

s) 

in 

o 

6 

o 

6 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the 

BATTERI 

ES-AUTO 

group 

Click  on 
the 

ECLIPSE 
MONITOR 
task  plan 
from  the 
list 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.4 

in 

•*— 

T— 

224 
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WINDOW 
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c/) 

ui 

\— 

O 

z 

selecting 

reverse 

makes  the 
backgroun 
d  on  the 
paper 
copy 
white, 
rather 
than  black 
as  is  the 

screen 

FEEDBA 

CK 

the 

windows 

disappear. 

When 
click  is 
accepted 
a  tone  is 
generated 
and  the 
cursor 

returns  to 
being  an 
arrow.  If 
the  printer 
is  nearby 
the 

controller 
might  also 
hearit 
begin  to 
print  the 
screen 

TIME 

(hh:mm:s 

s) 

in 

o 

6 

o 

6 

0:00:05 

o 

T— 

6 

o 

o 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

> 

(d 

Q. 

t/> 

"6 

a> 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

1 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

On  pull 
down 

menu  click 
on 

REVERS 

E 

Put  the 
cross  hair 
cursor  into 
the 

desired 
window 
and  click 

Go  back 
to  pass 
plan  and 
read  note. 

If  the 
satellite 
has  not 
come  out 
of  eclipse 
(i.e.,  no 
positive 
current) 
then  notify 
SE 

TASK 

DESCRIP 

HON 

TASK  ID 

1.1.24 

1.1.24 

1.1.25 
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NOTES 

FEEDBA 

CK 

The  left 
display 
returns  to 
the 

previous 
pass  plan. 

a  drop 
down 
window 
appears 

A  pop  up 
window 
appears. 
This 

window  is 
where  the 
name  of 
the  pass 
plan  to  be 
executed 
is  entered 

a  list  of 
pass  plan 
groups 
appears. 

A  list  of 
the  pass 
plans  in 
this  group 
appears 
on  the 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

* 

>- 

H 

-J 

< 

O 

O 

s 

MANUAL 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
end  of 
pass  plan 
arrow  to 
end 
eclipse 
pass  plan 

Click  on 
CONTAC 

T  on  the 
left 

display. 
This  is 
located  in 
the  menu 
bar  at  the 
top  of  the 
screen 

Click  on 
EXECUTE 
COMMAN 
D 

PROCED 

URE 

Click  on 

the  arrow 

to  get 

respositor 

1 _ 

Click  on 
9445- 
PASS 
PLANS 

TASK 

DE3CRIP 

HON 

Begin 
Attfude 
Data 
collact 
pass  plan 

TASK  ID 

1.1.26 

CVl 

1.2.1 

<M 

eg 

CO 

c\j 

1.2.4 
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NOTES 

the 

controller 
until  the 
Pass  Plan 
window 
was 

minimized 

FEEDBA 

CK 

Bar  at  the 
top  of  the 
window 
changes 
color  (to 
purple)  to 
show  that 
it  is  the 
active 
window 

A  pull 
down 
window 
appears 

A  large 
window 
pops  up 
over  the 
top  of  the 
other 
windows 

entries 
scroll  up 
and  down 
the  page 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

LO 

o 

6 

o 

6 

o 

6 

o 

6 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

• 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  in 

the  REAL 

TIME 

SESSION 

EXECUTI 

ON 

PANEL  to 
make  that 
window 
active 

Click  on 
the 

APPLICA 
TIONS 
button  on 
the 

toolbar 
along  the 
top  of  the 
REAL 

TIME 

SESSION 

EXECUTI 

ON 

window 

Click  on 
LAUNCH 

Scroll 
down  to 
find  RSC 
Analysis 
File 

Archiever 

TASK 

DESCRIP 

HON 

TASK  ID 

1.2,11 

1.2.12 

CO 

T— 

Csj 

* 

T— 

Csj 

T— 
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NOTES 

FEEDBA 

CK 

the 

selected 
text  is 
highlights 
d 

a  drop 
down 
window 
with 

allowable 

options 

appears 

the  pop 
up 

window  is 
removed 
from  the 
screen 

a  pop  up 
window 
containing 
the 

allowable 

options 

appears 

pop  up 
menu  is 
removed 
from  the 
window 

this  brings 
up  an 
“Available 
sublisf 
panel 

ui  E 
i  E  In 

H  if 

.C 

in 

o 

o 

o 

6 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

moue,  left 
display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
RSC 
Analysis 
File 

Archiver 

Click  on 
button  to 
bring  up 
DSP  Host 
options 
(located  in 
the  lower 
right 

portion  of 
this 

window) 

Click  on 
DSP  Host 

Workstatio 
n  2 

Click  on 
button  to 
bring  up 
Execution 
Host 
options 
(located  in 
lower  left 
portion  of 
this 

window) 

Click  on 
the 

Execution 
Host  = 
Workstatio 
n  2  option 

Click  OK 
(button 
located  in 
the  lower 
left  portion 
of  the 

TASK 

DESCRIP 

TON 

TASK  ID 

1,2.15 

1,2,16 

1.2.17 

1.2.18 

1.2.19 

1,2.20 
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NOTES 

FEEDBA 

CK 

correct 
indication 
seen  in 
the  data 
window 

pass  plan 

window 

minimized 

read 
correct 
data  in  the 
window 

Pass  Plan 
reappears 

TIME 

(hh:mm:s 

s) 

o 
■% — 

o 

o 

d 

0:00:05 

o 

o 

o 

o 

0:00:05 

o 

T— 

o 

o 

o 

EQUIPME 

NT 

>> 

ro 

Q. 

co 

T3 

© 

mouse, 
left  display 

>s 

CO 

Q. 

CO 

T3 

a> 

mouse, 
left  display 

left 

window 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

located  In 
a  column 
along  the 
left  edge 
of  the 

screen. 

Read 
pass  plan 
to 

detemine 

next 

action 

Click 
minimize 
button  on 
Pass  Plan 
so  that 
window 
containing 
the  data 
to  be 
verified  is 
visible 

Verify 
applicatio 
n  has 
launched 
in  AWE 
Message 
Display 
window 

Click  on 
Pass  Plan 
icon  to 
restore  it 
to  the 
display 

Read 
pass  plan 
for  next 
step 
(verify 
connectin 
g  of  ACS 
analysis 

Q. 

WOO 

D 

TASK  ID 

1.2.27 

1.2.28 

1.2.29 

1.2.30 

1.2.31 
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NOTES 

FEEDBA 

CK 

read  the 
status  of 
the 

process 

and 

determine 
if  it  is 
correct 

pass  plan 
icon 

restored 
on  the  left 
screen 

The 

desired 

window 

replaces 

the 

window 
that  was 
displayed. 

A  drop 
down 
window 
appears 

a 

subwindo 
w  appears 

TIME 

(hh:mm:s 

S) 

o 

o 

o 

o 

0:00:05 

in 

o 

o 

o 

o 

m 

o 

o 

o 

o 

0:00:05 

in 

o 

o 

o 

o 

EQUIPME 

NT 

> 

CD 

CL 

(/> 

d 

0) 

mouse, 
left  display 

> 

CD 

CL 

W 

d 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

. 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Read  the 
value  and 
make  sure 
it  is 

correct 

Click  on 
the  Pass 
Plan  icon 
to  restore 
the  pass 
plan 

Read  the 
pass  plan 

Click  on 
the 

ATTITUD 

E 

CONTRO 

L  button  in 
the  right- 
hand  on 
the  right 
display  to 
get  the 
desired 
data  on 
the 

display 

Click  on 
wall  paper 

Click  on 

print 

window 

button  on 

the  drop 

down 

menu 

a. 

*  cc  z 

woo 

h  UJ  h 

O 

i 

TASK  ID 

1 .2.35 

1.2.36 

1.2.37 

03 

CO 

csi 

1.2.39 

o 

Cvj 
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NCW  = 
north  cord 
width 

FEEDBA 

CK 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 

cursor 
turns  into 
a  cross 
hair 
(rather 
than  an 
arrow) 

Window  is 
highlighte 
d 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

TIME 

(hh:mm;s 

s) 

0:00:05 

0:00:05 

0:00:05 

o 

6 

o 

6 

0:00:15 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

>% 

as 

CL 

1/3 

T> 

a) 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
REVERS 

E 

Put  cross 
hairs  on 
window 
you  want 
to  print 

Click 
when 
cross  hair 
in  desired 
window 

Read  the 
next  step 
in  the 
pass  plan 
from  the 
left  screen 

Determine 
if  CTADS 
=  NCW  by 
looking  on 
right 
display 
and  see  if 
CTADS  = 
North 

Chord 

Width 

TASK 

DESCRIP 

TION 

TASK  ID 

1 .2.47 

1.2.48 

1.2.49 

1.2.50 

1.2.51 
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NOTES 

The  pass 
plan  has  a 
decision 
point. 

The 

controller 
makes  the 
decision 
using  the 
value  just 
obtained 
from  the 
right 
screen, 
and 
follows 
that  path 
in  the 
pass  plan. 

FEEDBA 

CK 

A  pop  up 

menu 

appears 

An  arrow 
appears 
to  the  left 
of  the 
command, 
and  the 
pop  up 
menu  is 
removed 

The  arrow 
turns  pink 

TIME 

(hh:mm:s 

s) 

ID 

O 

O 

O 

O 

0:00:05 

ID 

o 

6 

o 

o 

0:00:05 

EQUIPME 

NT 

>. 

m 

D. 

m 

]§ 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

, 

COGNITI 
VE  /  * 
DECISIO 
N 

X 

VISUAL 

MODAUTY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

(MON) 

Use  value 
of  CTADS 
("NO"  in 
this 

example) 
to  make 
the 

decision 
described 
in  the 

Pass  Plan 

Click  on 
the 

command 
in  the 
pass  plan 

Click  on 
the 

"MAKE 

CURREN 

T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
next  to  the 
command 

TASK 

DESCRIP 

TION 

TASK  ID 

CM 

ID 

CM 

t.2.53 

1.2.54 

1.2.55 

243 


Al  -202 


SBIR  Phase  2  Fnal  Report  Space  Operator  Consoles  Monterey  Technologies,  lac. 

Contract  No.  F3361 5-00-C-6006 


NOTES 

In  the 
simulation 
this  step 
failed  due 
to 

limitations 
in  the 
simulator 

FEEDBA 

CK 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
atina. 

The  arrow 
turns  blue 

The  icon 
in  the 
pass  plan 
turns 
green 

The  value 
in  the  TLM 
matches 
the 

expected 

value 

CO 

in  E 

h  j£ 

S 

in 

o 

8 

6 

0:00:05 

0:00:15 

0:00:15 

o 

6 

o 

o 

EQUIPME 

NT 

>, 

CO 

a. 

V) 

t5 

c 

0) 

mouse, 
left  display 

Left 

display 

Right 

display 

Left 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

X 

X 

X 

MODALITY 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Verify  that 
data  is 
being 
received 
at  the 
once  per 
second 
rate 

Click  to 
execute 
the 

command 

Verify 

command 

was 

performed 

Verify  that 
CTADS 
value  is 
now 

correct  in 
the 

General 

Health 

window 

Read  the 
next  step 
in  the 

Pass 

Plan.  (It  is 
telling  the 
controller 
to  make 
screen 
prints) 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2,56 

1.2.57 

1.2.58 

1.2.59 

o 

CO 

Csi 
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NOTES 

FEEDBA 

CK 

A  drop 
down 
window 
appears 

a 

subwindo 
w  appears 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 
cursor 
turns  into 
a  cross 
hair 
(rather 
than  an 
arrow) 

Window  is 
highlights 
d 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

ATTITUD 

CONTRO 

L  window 
appears 
on  the 
right 
screen 

TIME 

(hh:mm:s 

*) 

to 

o 

6 

o 

6 

0:00:05 

0:00:05 

lO 

o 

o 

o 

o 

CO 

o 

o 

o 

o 

0:00:05 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

X 

LISTEN 

TALK 

> 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
wall  paper 

Click  on 

print 

window 

Click  on 
REVERS 

E 

Put  cross 
hairs  on 
window 
you  want 
to  print 

click  when 
cross  hair 
in  desired 
window 

Click  on 
the 

ATTITUD 

E 

CONTRO 

L  button 
on  the 
right 

display  to 
select  this 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.61 

CXI 

CO 

04 

1.2.63 

1 .2.64 

1.2.65 

1.2.66 
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NOTES 

FEEDBA 

CK 

A  drop 
down 
window 
aDDears 

a 

subwindo 
w  aDDears 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 

cursor 
turns  into 
a  cross 
hair 
(rather 
than  an 
arrow) 

Window  is 
highlighte 
d 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

TIME 

(hh:mm:s 

s) 

LO 

o 

o 

o 

o 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  /  . 
DECISIO 
N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

window 
for  printing 

Click  on 
wall  paper 

Click  on 

print 

window 

Click  on 
REVERS 

E 

Put  cross 
hairs  on 
window 
you  want 
to  print 

Click 
when 
cross  hair 
in  desired 
window 
(ATTITUD 

E 

CONTRO 

L) 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.67 

1.2.68 

1.2.69 

1.2.70 

1.2.71 
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NOTES 

The 

ATTITUD 

E 

CONTRO 

L  screen 
is  likely  to 
already  be 
up  on  the 
right 
display, 
depending 
on  the 
order  that 
the  two 
screens 

were 

printed 

earlier 

i 

FEEDBA 

CK 

ATTITUD 

E 

CONTRO 

L  window 
appears 
on  the 
right 
screen 

BkSsKJ 

my*£k?mk  •  Mm 

TIME 

(hh;mm:s 

s) 

0:00:10 

0:00:05 

0:00:05 

0:00:05 

LLi 

s 

9:  W 

O 

IU 

left 

display, 
clock  or 
timer  for 
the  5 
minute 
wait 

mouse, 

right 

display 

mouse, 

right 

display 

©  >■ 

3  jE  CL 
g  07  « 
E  W  TJ 

INFO 

SOURCE 

UJ 

oE 

18° 

—  yy 
c 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

£ 

< 

a 

o 

5 

MANUAL 

X 

1 

LISTEN 

■ 

■ 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Go  back 
to  Pass 
Plan  and 
read  the 
next  step. 
There  is  a 

5  minute 
wait 
before 
continuing 

Click  on 
the 

ATTITUD 

E 

CONTRO 

L  button 
on  the 
right 

display  to 
select  this 
window 
for  printing 

Click  on 
wall  paper 

Click  on 

print 

window 

TASK 

DESCRIP 

TION 

TASK  ID 

CM 

N- 

CM 

CM 

r^ 

CM 

r~ 

m 

1 
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NOTES 

FEEDBA 

CK 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 

cursor 
turns  into 
a  cross 
hair 
(rather 
than  an 
arrow) 

Window  is 
highlighte 
d 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

the  next 
page  of 
the  pass 
plan 
appears 
on  the  left 
display 

TIME 

(hh:mm:s 

s) 

0:00:05 

LO 

o 

6 

o 

6 

0:00:05 

in 

o 

6 

o 

6 

EQUIPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

OECISIO 

N 

VISUAL 

MODALITY  1 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
REVERS 

E 

Put  cross 
hairs  on 
window 
you  want 
to  print 

Click 

when 

cross  hair 

in  desired 

window 

(ATTITUD 

E 

CONTRO 

L) 

Click  on 
the 

continue 
arrow  in 
front  of 
the  next 
step  in  the 
pass  plan 
to 

continue 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.75 

1.2.76 

1.2.77 

CO 

h- 

c\j 
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NOTES 

FEEDBA 

CK 

A  pop  up 

window 

appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

The  arrow 
turns  piink 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 

The  arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

Ul 

2 

H 

5  z 
o 

Ul 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

Left 

displayu 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

X 

|  MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 

the  first 

command 

(Switch 

CTADS 

back  to 

sew 

[South 

Chord 

Width]) 

Click  on 
the 

"MAKE 
CURREN 
T"  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  make 
the 

command 

active 

Verify  that 
data  is 
being 
received 
at  once 
per 

second 

Click  on 
the  arrow 
to  execute 
the 

command 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.79 

1.2.80 

1.2.81 

1.2,82 

CO 

CO 

Cvj 
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£ 


I 


o 


t  0 

Is 

a;  iA, 
»— . 

Q  VO 
r-5  T. 


If 

5:  s 
^  5 
go 


CO 

111 

1- 

O 

z 

The  SME 
explained 
at  this 
point  that 
whenever 
he 

execute  a 
command 
he  is 
making 
other 
visual 
checks  to 
make  sure 
it  is 

progressin 

g 

normally. 
Once  per 
second 
data  is 
one  thing 
that  is 
checked, 
and  the 
blob  that 
shows 
telemery 
status. 
These  are 
not 

located 
together 
or  in  a 
conspicuo 
us 

location. 
These  are 
continuou 
sly 

scanned, 
particular! 
y  before 
sending  a 
command 

< 

m 

o  *: 

LU  o 

LU 

UL 

0> 

uj  E 
■§  E  'w 

H  i* 

£ 

o 

6 

o 

d 

1 

111 

2 

£:  1- 
52 
o 

111 
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CO 

Q. 

CO 

T3 

ce 

0) 

1 

UJ 

og 

II 

CO 

1 

111 
o  §= 
£o° 

—  Ill 

DC 

1 

COQNITI 

VE/ 

DECISIO 

N 

1 

-i 

< 

3 

CO 

> 

x 

j 

-1 

< 

3 

Z 

< 

2 

1 

z 

UJ 

H 

co 

J 

1 

< 

H 

1 

(0  & 

S  a  2 

feiCOO 

3  LU  ^ 

CO  D 

Read  the 
next  step 
in  the 
pass  plan 

1 

a 

*  DC  z 
WOO 

<  CO  g 

1-  iii  r- 

D 

2 

* 

5 

2 

30 

c\i 

On 

O 

CM 
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NOTES 

FEEDBA 

CK 

a 

subwindo 
w  appears 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 
cursor 
turns  into 

a  cross 
hair 
(rather 
than  an 
arrow) 

Window  is 
highlights 
d 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

A  pop  up 

window 

appears 

An  arrow 
appears 
to  the  left 
of  the 
command 

TIME 

(hh:mm:s 

s) 

ID 

o 

6 

o 

6 

0:00:05 

0:00:05 

in 

o 

o 

o 

o 

0:00:05 

m 

o 

o 

o 

o 

EQUiPME 

NT 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 

right 

display 

mouse, 
left  display 

mouse, 
left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

. 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 

print 

window 

Click  on 
REVERS 

E 

Put  cross 
hairs  on 
window 
you  want 
to  print 

Click 
when 
cross  hair 
in  desired 
window 
(ATTITUD 

E 

CONTRO 

L) 

Click  on 
the 

command 

Click  on 
the 

"MAKE 
CURREN 
T"  item  in 
the  pop 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.89 

1 .2.90 

1.2.91 

1.2.92 

1.2.93 

1.2.94 
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< 

CD 

Q  ^ 

UJ  O 

tu 

LL 

o  £ 
fc  Q. 

«  CO 
<D  c 

i—  2 

Data  is 
observed 
to  be 
changing 
at  about 
once  per 
second, 
indicating 
that  the 
satellite  is 
communic 
ating 

£  ffi 

O  3 

W  (0 
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f  3 

■ 

M 

uj  E 
5E9 

hr 

£ 

LO 

O 
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LO 
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S=H 
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O 

UJ 
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CO 
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CD  S' 

3  *0 
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CO 

JO  CL 
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CO 

CL 

<f) 

t5 

c 

_g> 

UJ 
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II 

CO 
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ID 

oE 
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5 

-1 

< 

Z 

< 

2 

X 

X 

1 

z 

UJ 

CO 

1 

* 

< 

H 

1 

SUBTAS 

K 

DESCRIP 

TION 

$ 

o 

■O 

c 

1 

Click  on 
the  arrow 
to  make 
the 

command 

active 

Verify  that 
data  is 
being 
received 
at  once 
per 

second 

Click  on 
the  arrow 
to  execute 
the 

command 

Verify  that 
CTADS = 
NCW  on 
the 

ATTITUD 

E 

CONTRO 

L  PAGE 
on  the 
right 
screen 

Read  next 
step  on 
Pass  Plan 

Ql 

*  DC  Z 
WOO 

<  CO  £ 

1—  m  H- 

D 

1 

9 

CO 

< 

H 

T- 

o 

OJ 

r- 

CVJ 

o 

1— 

Cvj 

CO 

o 

cvj 

o 

cvj 
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NOTES 

FEEDBA 

CK 

IMT 

screen 

appears 

on  the 

right 

display 

replacing 

the  screen 

that  was 

displayed 

perviously 

A  drop 
down 
window 
appears 

a 

subwindo 
w  appears 

the  drop 
down 
window 
and  its 
sub 

window 

are 

reoved 
from  the 
screen, 
and  the 
cursor 
turns  into 
a  cross 
hair 
(rather 
than  an 
arrow) 

cursor 
changes 
from  cross 
hairs  to  an 
arrow 

TIME 

(hhimm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

UJ 

2 

E:H 

5z 

o 

UJ 

mouse, 

right 

display 

mouse, 

right 

display 

©  ^ 

£0  M 

S  £  CL 
g  05  « 
CuD 

mouse, 

right 

display 

mouse, 

right 

display 

INFO 

SOURCE 

INFO 

REQUIR 

D 

COGNITI 
VE/  ' 
DECISIO 
N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  IMT 
button  on 
the  right 
display  for 
printing 

Click  on 
wall  paper 

Click  on 

print 

window 

Put  the 
cross 
hairs  on 
window 
you  want 
to  print 

Click 

when 

cross  hair 

in  desired 

window 

(IMT 

window) 

TASK 

DESCRIP 

TION 

TASK  ID 

1.2.106 

1.2.107 

1.2.108 

1.2,109 

o 

T“ 

r- 

c\j 
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NOTES 

only  three 
points  are 
checked 
on  this 
satellite 

Note  the 
values 
that  are  to 
be 

examined 

Compare 

the 

telemeters 
d  values 
with  the 
values  in 
the  pass 
plan. 
(The  pass 
plan  in  on 
the  left 
hand 
screen  at 
this  point.) 

If  out  of 
limits 
notify  SE. 

There 
telemetere 
d  values 
are  in  the 
upper  left 
portion  of 
the  TT&C 
STATUS 
page  on 
the  right 
monitor. 

FEEDBA 

CK 

TIME 

(hh:mm:s 

s) 

0:00:05 

o 

6 

o 

o 

in 

o 

o 

o 

EQUIPME 

NT 

mouse, 
left  display 

Left 

display 

Right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  /  • 
DECISIO 
N 

_ 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
pass  plan 
to  start 
SOH 
procedure 
s 

Read  the 
first  step 
in  the 
pass  plan 

Verify 
values  of 
CMD1CK 
and 
CMD2CK 

TASK 

DESCRIP 

RON 

Begin 

SOH 

TASK  ID 

T— 

T— 

*— 

1.1.2 

1.1.3 
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NOTES 

If  test  fails 
look  at 
right 
display  to 
get  actual 
values. 
Record 
values 
and  alert 
aSE 

FEEDBA 

CK 

The  pop 
up 

window  is 
removed 
from  the 
display 
and  an 
arrow 
appears 
to  the  left 
of  the 
command 

the  arrow 
turns  pink 

the  arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

0:00:05 

0:00:05 

0:00:05 

0:00:05 

0:00:15 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

right 

display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

X 

VISUAL 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Click  on 
the  MAKE 
CURREN 
T  item  in 
the  pop 
up 

window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 
to  make  it 
active 

Verify  that 
data  is 
being 
received 
at  once 
per 
second 

Click  on 
the  arrow 
a  second 
time  to 
execute 
the 

command 

Verify 

system 

has 

checked 

batt 

voltages 

TASK 

DESCRIP 

TION 

TASK  ID 

1.1.8 

1.1.9 

1.1.10 

1.1.11 

1.1.12 
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NOTES 

Batttery 
voltaes 
are  in  the 
upper 
right 
portion  of 
the  Power 
Subsyste 
m  page. 

compare 
values  on 
screen 
with 
values  in 

FEEDBA 

CK 

Power 
Subsyste 
m  page 
appears 
on  the 
right 
monitor. 

1  This 

allows  the 
voltages 
to  be 
read. 

TIME 

(hh:mm:s 

s) 

o 

o 

o 

o 

0:00:05 

0:00:30 

O 

o 

o 

6 

0:00:45 

EQUIPME 

NT 

left  display 

mouse, 

right 

display 

Vehicle 
status 
binder 
and  right 
display, 
grease 
pencil 

Vehicle 

Status 

Binder 

Right 

Display 

and 

Vechicle 

Status 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

X 

VISUAL 

X 

X 

X 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

Read 
instruction 
s  on  pass 
plan. 

Click  on 
power 
frame 
button  to 
bring  up 
the 
POWER 
SUBSYST 
EM  page 
on  the 
right 
screeen 

Write  the 
battery 
values 
(voltages 
& 

currents) 
in  the 
vehicle's 
STATUS 
BINDER 
when 
doing  the 
battery 
reconditio 
n 

procedure 

Examine 
Vehicle 
Status  log 

Compare 
loged 
values 
with 
values  on 

TASK 

DESCRIP 

TION 

Begin 

Battery 

Reconditi 

on 

pjocedure 

TASK  ID 

CO 

T— 

1.1.14 

1.1.15 

CNJ 

ea 

eg 

eg 

T~ 
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( f) 

111 

i- 

O 

2 

book 

log  sheet 
goes  to 
SE.  SE 
does 
trending 

This  is 
simulating 
a  C5  No 
Telemeter 

y 

nrocRdum 

i 

FEEDBA 

CK 

pop  up 
menu 
appears 

A  window 
appears. 

This 
window 
has  a  field 
for 

entering 
the  name 
of  the 
pass  plan 

a  list  of 
procedure 
groups 
appears 

TIME 

(hh:mm:s 

s) 

o 

o 

o 

6 

0:00:05 

in 

o 

o 

o 

o 

o 

o 

o 

o 

EQUIPME 

NT 

Binder 

vehicle 
status  log 
book, 
grease 
pencil 

mouse, 
left  screen 

mouse, 
left  screen 

mouse, 
left  screen 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 
VE  / 

DECISIO 

N 

VISUAL 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

the  Power 
Subsyste 
m  display 
on  the 
right 
screen 

Log 
battery 
voltages 
and 
currents  in 
Vehicle 
status  log 
for  this 
contact 

Click 
CONTAC 
T  on  the 
left  screen 
(on  IMT 
menu) 

Click  on 
the 

EXECUTE 

COMMAN 

D 

PROCED 
URE 
button 
from  pull 
down 

menu 

Use  down 
arrow  to 
search  for 
pass  plan 
in 

respositor 
y.  This 

TASK 

DESCRIP 

TION 

Execute 
otier  pass 
plans 

— 

TASK  ID 

CO 

C\j 

CO 

r— 

1.3.1 

1.3.2 

1.3.3 
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►rocedure 


6C 

„s 

I 

s 


c 
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5 

5 

<§■ 
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I¬ 


so 
t:  0 

Is 

os  *A 
•*■*, 
2  )9 

>£2 
CN  . 

*  £ 

!i 

si 

sa 


NOTES 

IMT  is  the 
let  screen 

FEEDBA 

CK 

ARTS 
operator 
responds 
to  query. 

Pull  down 
window 
appears 
on  the  left 
screen. 

This 

window 

has 

several 

non¬ 

exclusive 

options 

the 

controller 

can 

select. 

Option 
highlights 
in  the  pull 
down 
window 

TIME 

(hh:mm:s 

s) 

o 

6 

o 

6 

o 

o 

o 

o 

0;00;05 

0:00:05 

EQUIPME 

NT 

phone 

left  display 

mouse, 
left  display 

mouse 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

COGNITI 

VE/ 

DECISIO 

N 

VISUAL 

X 

MODALITY 

MANUAL 

X 

X 

LISTEN 

X 

TALK 

X 

SUBTAS 

K 

DESCRIP 

TION 

Phone 
antenna 
operator 
to  verify 
that  he 
sees  a 
carrier 
and  a 
subcarrier. 
If  so,  it 
rules  out 
an  ARTS 
problem 

Read  next 
step.  If  at 
any  time 
you  get 
TLM  stop 
procedure 

Click  on 
"Ground 
Constraint 
*  button 
on  IMT 
menu 

Click  on 
VCC  and 
GCC 
Match  and 
TLM 
Synch 
Lock  to 
release 
constraint 
s 

TASK 

DiSCRIP 

TION 

TASK  ID 

1.3.6 

1.3.7 

1.3.8 

1.3.9 
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NOTES 

It  takes  up 
to  140  sec 
when  the 
equipment 
switch  is 
made. 
The  MC 
must  wait 
and 
monitor 
the  right 
display  to 

FEEDBA 

CK 

A  pop  up 
menu 
appears 

The  pop 
up 

window  is 
removed 
from  the 
display 
and  an 
arrow 
appears 
to  the  left 
of  the 
command 

the  arrow 
turns  pink 

Once  per 
second 
data 

The  arrow 
turns  blue 

TIME 

(hh:mm;s 

s) 

0:00:05 

0:00:05 

0 

0 

0 

0 

0:00:05 

10 

0 

0 

0 

0 

0:02:20 

Ui 

£ 

Bz  K 

52 

0 

III 

mouse, 
left  display 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

left  display 

INFO 

SOURCE 

INFO 

REQUIRE 

D 

P  O 

2  ^  C/) 

o“}Oz 

O  ^  LU 

O  Q 

< 

CO 

> 

X 

X 

MODALITY 

MANUAL 

X 

X 

X 

X 

LISTEN 

TALK 

SUBTAS 

K 

DESCRIP 

TION 

based  on 
the  value 
of  ENCDR 

Click  on 
the 

command 

selected 

Click  on 
"MAKE 
CURREN 
T"  in  the 
pop  up 
window 

Click  on 
the  arrow 
to  the  left 
of  the 
command 

Verify 
once  oer 
second 
data 

Click  on 
the  arrow 
a  second 
time 

read 
steps: 
("Wait  140 
seconds 
...) 

TASK 

DESCRIP 

TION 

TASK  ID 

1 .3,1 9 

1.3.20 

1.3.21 

1.3.22 

1.3.23 

■'t 

OJ 

to 
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the  pass 
plan  area) 
will  be 
green  if 
TLM  is  is 
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NOTES 

FEEDBA 

CK 

The  pop 
up 

window  is 
removed 
from  the 
display 
and  an 
arrow 
appears 
to  the  left 
of  the 
command 

the  arrow 
turns  pink 

Once  per 
second 
data 

The  arrow 
turns  blue 

TIME 

(hh:mm:s 

s) 

in 

o 

6 

o 

6 

0:00:05 

0:00:05 

■ 

in 

T— 

o 

o 

o 

o 

o 

o 

o 

EQUIPME 

NT 

mouse, 
left  display 

mouse, 
left  display 

Left 

display 

mouse, 
left  display 

Right 

display 

left  display 
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INTRODUCTION 


This  document  contains  all  of  the  voice  commands  recognized  by  the  satellite  controller  test  bed 
These  commands  allow  the  controller  to  request  information  about  the  satellite  from  the  system, 
and  to  issue  commands  that  effect  the  satellite. 

Continuous  Variables 


The  voice  commands  allow  the  controller  to  access  the  values  of  continuous  variables.  There  are 
three  general  ways  in  which  these  values  are  presented.  First,  the  system  can  announce  the 
current  value  of  the  variable.  Second,  the  system  can  display  the  value  of  the  variable  graphically. 
Thirdly,  the  system  can  both  announce  the  value  and  display  the  value  graphically.  As  the  voice 
recognition  system  does  not  perform  natural  language  recognition,  a  means  of  making  the  intent 
of  the  controller  clear  to  the  system  is  needed.  Therefore,  a  standard  phraseology  convention  was 
required.  Here,  commands  that  begin  with  the  phrase  “Tell  me  ...”  will  cause  the  system  to 
announce  the  value  of  the  variable.  Commands  that  begin  with  the  words  “Show  me  ...”  cause 
the  system  to  display  the  value  on  the  screen.  Finally,  commands  that  begin  with  the  words 
What  is. . .  or  simply  contain  only  the  name  of  the  variable  or  a  description  of  the  measure  (e.g., 
internal  temperature  of  the  digital  telemetry  unit")  will  cause  the  system  to  both  announce  and 
display  the  value  of  that  variables. 

We  have  found  that  users  quickly  adapt  to  this  phraseology  convention  and  do  not  find  that  it  is  so 
unnatural  that  it  is  burdensome  or  interferes  with  their  interaction  with  the  test  bed. 

For  each  variable,  there  are  a  number  of  phrases  that  begin  with  ‘Tell  me  ...”  “Show  me  ...”  and 
“What  is  ...”.  These  phrases  are  synonymous.  That  is,  they  allow  the  controller  some  latitude  in 
the  terminology  used  to  cause  an  effect.  This  allows  the  controller  to  interact  with  the  system  as  if 
it  were  performing  some  level  of  natural  language  recognition. 

Below  is  an  example  of  a  voice  command. 

vs_C_PLUS_J50V  -  "Show  me  see  plus  one  fifty  vee  " 

The  first  three  characters  of  each  line,  which  are  “vs_”  in  this  example,  indicate  the  type  of 
response  expected  when  the  command  is  given.  “vs_”  indicates  that  the  system  will  respond  by 
displaying  a  graphic  with  the  value,  “vt_”  indicates  that  the  system  will  respond  by  announcing 
the  value,  and  vw_  indicates  that  the  system  will  both  display  and  announce  the  value.  This  is 
followed  by  the  name  of  the  variable.  Finally,  the  text  in  quotes  is  the  phrase  that  is  recognized. 


Discrete  Variables 


Discrete  variables  generally  represent  controls  aboard  the  satellite  that  the  controller  may 
manipulate.  These  discrete  variables  include  switches  (ON  or  OFF,  encrypt  or  don’t  encrypt)  and 
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power  settings  (2.5  watt  and  20  watt),  as  examples.  In  the  test  bed  the  controller  can  activate  one 
of  these  controls  by  making  a  voice  command,  as  well  as  by  executing  a  pass  plan  or  by  manually 
setting  the  variable  in  the  graphic  display  of  the  sub-system. 

As  in  the  case  of  continuous  variables,  the  controller  has  the  option  of  saying  any  one  of  the 
synonymous  phrases  to  obtain  the  desired  consequence.  That  is,  for  example,  the  controller  could 
say  either  "set  ee  dee  tea  you  bee  bee  to  on"  or  "set  digital  telemetry  unit  bee  to  on"  or  “turn  on 
digital  telemetry  unit  bee"  and  have  variable  EDTUBB  change  from  OFF  to  ON.  This  latitude 
eliminates  the  need  for  the  controller  to  use  a  rigid  syntax. 

Note  that  a  controller  may  use  descriptive  terms  (e.g.,  “digital  telemetry  unit  B”)  to  interact  with 
the  satellite,  rather  than  requiring  the  controller  to  know,  recall,  and  use  a  six  letter  alphanumeric 
label  that  may  have  little  or  no  intrinsic  meaning.  Allowing  the  use  of  descriptive  terminology 
rather  than  requiring  use  of  the  variable’s  label  is  intended  to  allow  persons  to  perform  a  support 
even  when  their  ability  to  recall -and  use  the  names  of  the  variables  has  decayed  through  lack  of 
use.  (It  is  easy  to  predict  that  this  will  be  the  case  in  situations  involving  largely  unattended 
operations.) 

Below  is  an  example  of  a  command  that  effects  a  discrete  variable. 

C2ASPB_]  -  "change  the  antenna  switch  position  monitor  from  eh  high  to  bee  high" 

The  first  part  of  the  example  indicates  the  variable  that  is  being  changed,  and  the.  state  it  is  being 
changed  to.  In  this  example,  a  value  of  “1”  indicates  a  state  of  “B-high”.  The  portion  of  the 
command  in  quotes  is  the  phrase  spoken  by  the  controller  and  recognized  by  the  voice  recognition 
system. 

Sub-System  Diagrams 


There  are  a  number  of  sub-system  diagrams  available  for  display.  The  controller  may  use  verbal 
commands  to  display  these  diagrams  as  well  as  to  remove  them  from  the  workstation. 

Pass  Plans 


The  controller  may  use  verbal  commands  to  bring  up  or  remove  any  of  the  available  pass  plans 
from  the  displays  on  the  workstation. 
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vs_C2B_MINUS_l  V  -  "Show  me  the  link  two  bee  negative  fifteen  volt  output  voltage" 
vt_C2B_MINUS_l  V  -  "Tell  me  the  link  two  bee  negative  fifteen  volt  output  voltage" 
vw_C2B_MINUS_l  V  -  "What  is  the  link  two  bee  negative  fifteen  volt  output  voltage" 
vs_C2B_MINUS_lV  -  "Show  me  the  voltage  of  the  link  two  bee  negative  fifteen  volt  output’ 
vt_C2B_MINUS_lV  -  "Tell  me  the  voltage  of  the  link  two  bee  negative  fifteen  volt  output" 
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vw_CC_PLUS_50V  -  "digital  telemetry  unit's  positive  five  volt  output  voltage" 
vw_CC_PLUS_50V  -  "voltage  of  the  digital  telemetry  unit's  positive  five  volt  output 
vs_CC_PLUS_50V  -  "Show  me  see  see  plus  fifty  vee" 
vt_CC_PLUS_50V  -  "Tell  me  see  see  plus  fifty  vee" 
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vw_CC_MINUS_23V  -  "What  is  sea  sea  minus  two  three  vee" 
vs_CC_MINUS_23V  -  "Show  me  the  value  of  sea  sea  minus  twenty  three  vee 
vt_CC_MINUS_23V  -  "Tell  me  the  value  of  sea  sea  minus  twenty  three  vee" 
vw_CC_MINUS_23V  -  "What  is  the  value  of  sea  sea  minus  twenty  three  vee" 
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vw_CC_MINUS_60V  -  "What  is  the  value  of  sea  sea  minus  six  zero  vee" 
vs_CC_MINUS_60V  -  "Show  me  sea  the  value  of  sea  minus  six  oh  vee" 
vt_CC_MINUS_60V  -  "Tell  me  the  value  of  sea  sea  minus  six  oh  vee" 
vw_CC_MINUS_60V  -  "What  is  the  value  of  sea  sea  minus  six  oh  vee" 
vs_CC_MINUS_60V  -  "Show  me  the  digital  telemetry  unit's  negative  six  volt  output  voltage 
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vt_CCS  1 CV  -  "Tell  me  the  value  of  sea  sea  ess  one  sea  vee" 
vw_CCS  1  CV  -  "What  is  the  value  of  sea  sea  ess  one  sea  vee 
vs_CCS1CV  -  "Show  me  calibration  voltage  one" 
vt_CCSlCV  -  "Tell  me  calibration  voltage  one" 
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ShowSurnTransmtrA  -  "Show  me  a  summary  of  Transmitter  A" 
TellSumTransmtrA  -  "Tell  me  a  summary  of  Transmitter  A” 
ShowSurnTransmtrA  -  "Show  me  a  summary  of  Transmitter  eh 
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vw_CCTl  AW  -  "sea  sea  tea  one  eh  double  you" 
vw_CCT1AW  -  "transmitter  eh's  are  eff  power" 
vw_CCTI  AW  -  "are  eff  power  of  transmitter  eh 
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vs_CECA5V  -  "Show  me  dual  error  coder  eh's  voltage 
vt_CECA5V  -  "Tell  me  dual  error  coder  eh's  voltage" 
vw_CECA5V  -  "What  is  dual  error  coder  eh's  voltage" 
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vw_CPAl  AT  -  "What  is  the  eh  temperature  of  the  solid  state  power  amplifier" 
vs_CPAl  AT  -  "Show  me  the  solid  state  power  amplifier's  eh  temperature" 
vt_CPAlAT  -  "Tell  me  the  solid  state  power  amplifier's  eh  temperature" 
vw_CPAl  AT  -  "What  is  the  solid  state  power  amplifier's  eh  temperature" 
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vw_CPA1BV  -  "What  is  the  voltage  of  solid  state  power  amplifier  bee" 
vs_CPAIBV  -."Show  me  solid  state  power  amplifier  bee's  voltage" 
vw_CPA1BV  -  "Tell  me  solid  state  power  amplifier  bee's  voltage" 
vs_CPA!BV  -  "What  is  solid  state  power  amplifier  bee's  voltage" 


Monterey  Technologies,  Inc.  Final  Report  Contract  No.  F336)  5~00*C*6006  Advanced  Interfaces  for  Satellite  Operations 


I  §  §  ■ 

•s  «  s 


n  «D  «) 
0>  X) 

§  g  §' 

£  o  _ 

®  JS  to 

g  ®  *  ■ 

*  Q.  OS  <D 

a 

2  ss 

X  C3  (J  ' 
U  to 

g  M  u 
C  <D  — 

j  E  s 

X  <D  >  • 
03  H  s  * 


a> 

=  v 

=  3  x 

*  g  o  I- 

^  4> 

£  S  =5, 

■S  3  c 
5  o  fc 
o  -a  « 

■o  o  o 

Q)  <D  53 

g  i  2 

=  U  “> 

(L>  C  •O 
g  O  = 

o  _  o 

5  "  tjr 

*  u  Q.  fe 

6  to  £ 

Cti  5)  n 
8  £  8. 
<5  °  te 

§|  e 

T3  >  3 

Q  X 


S-s  e 
e  |  > 

x  £  o 

<D  >  X 

H  =  50 


=  <D 
<U  QJ 

S>  x  _ 

u.  Q>  £>  : 

<g  £  £ 

! ts  =  o 

»~r  D-i  CXi 
£  4-, 

|  «*  *53  - 
3  «  "  1 
o  *g  H 

+->  C$  s 

CS  ^  S3 

*3  M 

C/3  -f® 

^  O 
X  X  o  * 
X  o  x 
o  «»  W 

5/5  c^-  a>  - 
4-4  o  IT* 

2  fc :§j 

g  1 1- 

o  g,  3 
&fc  s 
&  o  s 

«  (L)  M 

p  g  ~a 

w  cu  • — 

3  a>  *3 : 
J2  €  1/5  ’ 

o  —  E 
E  3  5 
=  £  o  : 

<D  «  J3 

H  =  50  f 


i  i  i  i  e*  S  i*  *  i 

WcoSmcqt-!o3cQt-i 

>>>>>>>>> 


W  5.\*  ^ 

■goo 
w  &  0 
g  E  c 
2  u  o 


u  w  <D 
SJ  <D  «« 

c3  «  g 
fc  E  E 

c  c  > 
d>  w*  X 
?  s"*  00 


<<< 


wiviO 
^  J 
>  >  > 


311 


vs_CTl  AMT  -  "Show  me  transmitter  eh's  temperature 
vt_CTlAMT  -  "Tell  me  transmitter  eh's  temperature" 
vw_CTl  AMT  -  "What  is  transmitter  eh's  temperature" 
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vt_GGPRES  -  "Tell  me  the  value  of  gee  gee  pea  are  ee  ess" 
vw_GGPRES  -  "What  is  the  value  of  gee  gee  pea  are  ee  ess 
vs_GGPRES  -  "Show  me  gee  gee  prez" 
vt_GGPRES  -  "Tell  me  gee  gee  prez" 
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vw_PJPLUS_XFBT  -  "propellant  filter  body  temperature" 
vs_P_PLUS_XFBT  -  "temperature  of  the  propellant  filter  body’ 
vs_P_PLUS_XFBT  -  "Show  me  pea  plus  ex  eff  bee  tea" 
vt_P_PLUS_XFBT  -  "Tell  me  pea  plus  ex  eff  bee  tea" 
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vw_P_PLUS_XTOT  -  "What  is  pea  plus  ex  tea  oh  tea" 
vw_P_PLUS_XTOT  -  "What  is  pea  plus  ex  tot" 
vw_P_PLUS_XTOT  -  "outboard  propellant  tank  temperature" 
vw_P_PLUS_XTOT  -  "temperature  of  the  outboard  propellant  tank 
vs_P_PLUS_XTOT  -  "Show  me  pea  plus  ex  tea  oh  tea" 
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vw_PHLT_MINUS_T  -  "What  is  the  temperature  of  the  minus  ex  high  level  thruster  propellant 
vs_PHLT_MINUS_T  -  "Show  me  the  minus  ex  high  level  thruster  propellant  temperature" 
vt_PHLT_MINUS_T  -  "Tell  me  the  minus  ex  high  level  thruster  propellant  temperature" 
vw_PHLT_MINUS_T  -  "What  is  the  minus  ex  high  level  thruster  propellant  temperature" 


Monterey  Technologies,  Inc.  Final  Report  Contract  No.  F33615-00-C-6006  Advanced  Interfaces  for  Satellite  Operations 


£  <L> 

C  oo  p  _ 

•£  S  ^  ‘u  . 
■s  €  r  3  £ 

>  -r  «  «  3 

u  43  >  i_  w 

—  >  43  43  « 

r  O  CL  Jr? 

bb  x  c  S 

I  E 

s  a 

=  8  •£  1  $> 
tir  7  E  » 


X  {/) 

2 

c  X 

a  ~ 

2  o 
•o  >  = 

j-  S  ' 

g  .SPS 

oo  ^  «g  ! 

D  d)  2 
cl  cl( 
<u  Tt 
J:  2  *> 

t:  c  ^ 


,  c  ^  y 

5  >>  CL 
£  X  w 

2  x  e 

<D  o 

6  »  £ 

E  s  o  ; 

^  -s  X 

r  :  CO  | 


55  ^  x  ,2?j=  ■& 

S  g  «  ^  .sps 

I  S^O 


ac  s?  sc 
<«  o-  S? 


d,  3  -E  .5  0>  C 

■i  „»  "TT  O-i  —  C 

J:  ^  <o  ox 

£  |  «  •§  8  .1 

°^oS-sS 

!i  °  o  ^  i 

,  a  fi  3  >. 

C3  p  >v  X 

u  w  K5  x  £ 

(U  «3  j-  J  ^  X 

Cl  t-  D  x  d 

(u  a  t«  d)  ^ 

rv  r  3  w 

S  E  (u  a  d  ^ 

£  S  o 

*5  <u  x  "5  O  X 

o  X  *-*  w  X  ~ 

c  ««  c  to 

C  O  •-  C  O 

>  E  c3  >  E  es 

o=e 5 = £ 

4=  43  S 

C/3  E—  r 


CU 

:  W  h  : 


*X 

o  5 
.E  x 

N  ^ 

2  0) 

TJ  >  : 

>>  «  «  . 
.e  w  -_ 
_  x  ~  55 

g  .spe  - 

««  •=  S5  ffi 

1 .1 1  8 


ac  x  a 

c/5  rt  PC 

3  CJ  . 
3  Q. 

E  ,  o 


O  CL 

E  <D  • 
5  e 

O  zz  : 
X  o  ► 

w  H  5 


~?T  *- 

o  d> 

dj  CL 

3  E 

«  s 

03  J; 
JZ  *= 

'*“*  QJ>  ' 

•2  E 

jf  5 
sF  o  : 
<  x 

r  I 


3|s 

°-,  Bu  b3 

'B  h'h1 

'  *  jj 

>  >  > 


, = S  =,  =,  £5  =, 

§3|§33 

'55h'55h' 

i  Cl,  cu  i  Cl  cl  i 
I  l  >  I  I  >' 
>>>>>> 


D  D 

s§ 
s  s 

H1  E—' 

a  x 

0-  (X 


E5  c/3 

5  D 
S  S 
Ss 

E—  h' 

s  E 

CX,  cl, 


318 


vt— r  h  l  _mun  u cj_H  1  -  I  ell  me  the  temperature  of  the  minus  ex  hydrazine  line  high  level  thruster" 
vw_PHT_MINUS_HT  -  "What  is  the  temperature  of  the  minus  ex  hydrazine  line  high  level  thruster" 
vs_PHT_MINUS_HT  -  "Show  me  the  minus  ex  hydrazine  line  high  level  thruster  temperature" 
vt_PHT_MINUS_HT  -  "Tell  me  the  minus  ex  hydrazine  line  high  level  thruster  temperature" 
vw_PHT_MINUS_HT  -  "What  is  the  minus  ex  hydrazine  line  high  level  thruster  temperature" 
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vw_PPLN2P  -  "What  is  the  plenum  two  pressure" 
vs_PPLN2P  -  "Show  me  the  pressure  in  plenum  two 
vt_PPLN2P  -  "Tell  me  the  pressure  in  plenum  two" 
vw_PPLN2P  -  "What  is  the  pressure  in  plenum  two" 
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vt_PVT_MINUS_HT  -  "Tell  me  the  temperature  of  the  minus  ex  hydrazine  line  delta  vee  thruster" 
vw_PVT_MINUS_HT  -  "What  is  the  temperature  of  the  minus  ex  hydrazine  line  delta  vee  thruster" 
vs_PVT_MINUS_HT  -  "Show  me  the  minus  ex  hydrazine  line  delta  vee  thruster  temperature" 
vt_PVT_MINUS_HT  -  "Tell  me  the  minus  ex  hydrazine  line  delta  vee  thruster  temperature" 
vw_PVT_MINUS_HT  -  "What  is  the  minus  ex  hydrazine  line  delta  vee  thruster  temperature" 
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vw_PVVT_MINUS_T  -  "What  is  the  temperature  of  the  minus  ex  delta  vee  thruster  propellant 
vs_PVVT_MINUS_T  -  "Show  me  the  minus  ex  delta  vee  thruster  propellant  temperature" 
vt_PVVT_MINUS_T  -  "Tell  me  the  minus  ex  delta  vee  thruster  propellant  temperature" 
vw_PVVT_MINUS_T  -  "What  is  the  minus  ex  delta  vee  thruster  propellant  temperature" 


<L)  r 
C  =  ^ 

-5=  <D  C 

—  C  •  — 


2  GJ  - 

§*  =  S 
c  _ 


x 

'  £  3  » 

o  c  “ 

C/5  •<—  ^ 

C/3  c  C  • 

o  c  •= 

u  rt  r 

O  S  « 

S  &  8 

S  «  cx 

=  c  <D  • 

i  ^  >  E 
£  °  —  ; 
[2  S 


O  (u 
in  Du 

3  E 
J  £ 

<D 

«  £ 
-C  4-* 


d  =  CD 

H  <d  cx 
cu  o 
,  o  *- 
£  °< 
^  cd 
cd  x: 
x;  +•* 

^  u— 
° 

°  <D 

£  a 

a  ts 

,  2  fc 

’  cd  a. 

P  E 

c  cd 

D  «-* 
w  CD 
CD  X 
X  +“* 

c/3 

CD  — 

E  t3 

—  -C 


CD  = 

2  r  (U 

3  CD  ir 
CCS  3  *- 

U-  +->  C3 

cd  cd  j- 

rv  u  a) 
p  J>  Ou 
tap 

a  e  g 

U  s  ~ 

C  0) 

=  8:5 


bo  >  -o 

c/3  O  t/5 

O  ^  £ 
2  £  p 
O  O  h 


<u  a  = 

rv  =  OD 
O  »  °- 

2  cx  o 

rv  o  *- 
2  CX 
CD  CX 
r  CD 

±3  <D  X 

CD  a  ^ 

C  <D  *~ 

>  E  « 
o  -  £ 

-n  CD  ^ 

do  h  r 


'  H  rl 

driS 

Uju 
S  ?n. 


Dgg 

sis 


cu1  cu  i 


HuH 

;13 

111 


ddy 

l  X,  X,  *1 

g  g  s 
III 
.S,t5 

A  .  I  CU 
i  a  a  i 
I  i  > 

C/3  4-J  > 

>  >  > 


P  3  r 

^  a  g 

x  h  a 

<U  CD 
€  1*8 
|  l£ 
g  8.^  « 

-3  O  r?  X 
CD  *  JD  » 

cd  °«*r  on 

X  <D  h  3 
^  £  ^5  C 

U-,  <—  .— 


Cu 
<D  g- 

X  jr 
OD  CU 

c/3  CD 

3  X 
C  ~ 


«8  E 

<u 

«•  g 

o 


<u  p  <u  U 

«  3  s  Q 

111  | 
c  g  «  c 
Z.  S'  a,  ^ 

g  =  2° 

m\  u.  r- 


1 1 
cd  <d  ■ 

8.2 

OD  — 

E  S 

^  x 

CD  ^  • 

h  r  i 


;  3  g 

!  <D  3. 

1  S 

u  2 

»  o  5 

1  <u  o. 

:  £  E 
:  3  2 
:  >  « 

1  jc  ^ 

:  w  cd 

:-2  e 

1  * 

£  -S 

r  do 


H  A  ^ 

e  *- a- 


A  1  °- 

J  ^ 

>  > 


322 


vt_P_MINUS_XFBT  -  "Tell  me  the  temperature  of  the  propellant  ex  filter  body" 
vw_P_MtNUS_XFBT  -  "What  is  the  temperature  of  the  propellant  ex  filter  body 
vs_P_MINUS_XFBT  -  "Show  me  the  propellant  ex  filter  body  temperature" 
vt_P_MINUS_XFBT  -  "Tell  me  the  propellant  ex  filter  body  temperature" 
vw_P_MINUS_XFBT  -  "What  is  the  propellant  ex  filter  body  temperature" 
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vw_ECUSBI  -  "What  is  the  shunt  bus  current" 
vs_ECUSBI  -  "Show  me  the  current  through  the  shunt  bus" 
vt_ECUSBI  -  "Tell  me  the  current  through  the  shunt  bus" 
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vs_EEDIAV  -  "Show  me  the  output  voltage  at  ten  volt  electrical  distribution  unit  converter  eh" 
vt_EEDl  AV  -  "Tell  me  the  output  voltage  at  ten  volt  electrical  distribution  unit  converter  eh” 
vw_EEDl  AV  -  "What  is  the  output  voltage  at  ten  volt  electrical  distribution  unit  converter  eh" 
vs_EED1AV  -  "Show  me  the  ten  volt  electrical  distribution  unit  converter  eh’s  output  voltage" 
vt_EEDl  AV  -  "Tell  me  the  ten  volt  electrical  distribution  unit  converter  eh’s  output  voltage" 
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vt_EED5AV  -  "Tell  me  the  output  voltage  at  five  volt  electrical  distribution  unit  converter  eh" 
vw_EED5AV  -  "What  is  the  output  voltage  at  five  volt  electrical  distribution  unit  converter  eh 
vs_EED5AV  -  "Show  me  the  five  volt  electrical  distribution  unit  converter  eh's  output  voltage' 
vt_EED5AV  -  "Tell  me  the  five  volt  electrical  distribution  unit  converter  eh's  output  voltage" 
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vs_EPBA1T  -  "Show  me  the  number  one  temperature  of  battery  eh 
vt_EPBA1T  -  "Tell  me  the  number  one  temperature  of  battery  eh" 
vw_EPBA1T  -  "What  is  the  number  one  temperature  of  battery  eh" 
vs_EPBA1T  -  "Show  me  battery  eh’s  number  one  temperature” 
vt_EPBAlT  -  "Tell  me  battery  eh's  number  one  temperature" 
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vs_EPSBBI  -  "Show  me  the  current  through  battery  bee 
vt_EPSBBI  -  "Tell  me  the  current  through  battery  bee" 
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vs_EPSBCI  -  "Show  me  the  battery  sea  current" 
vt_EPSBCI  -  "Tell  me  the  battery  sea  current" 
vw_EPSBCI  -  "What  is  the  battery  sea  current" 
vs_EPSBCI  -  "Show  me  the  current  through  battery  sea' 
vt_EPSBCI  -  "Tell  me  the  current  through  battery  sea" 
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vt_EPSDBV  -  "Tell  me  the  shunt  drive  voltage" 
vw_EPSDBV  -  "What  is  the  shunt  drive  voltage" 
vs_EPSDBV  -  "Show  me  the  voltage  at  the  shunt  drive 
vt_EPSDBV  -  "Tell  me  the  voltage  at  the  shunt  drive" 
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vtJEPSLBI  -  "Tell  me  the  sensor  load  bus  current" 
vw_EPSLBI  -  "What  is  the  sensor  load  bus  current" 
vs_EPSLBI  -  "Show  me  the  current  at  the  sensor  load  bus 
vt_EPSLBI  -  "Tell  me  the  current  at  the  sensor  load  bus" 
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vs_EPUC1T  -  "Show  me  the  solar  array  number  one  upper  conic  temperature" 
vs_EPUC1T  -  "Tell  me  the  solar  array  number  one  upper  conic  temperature" 
vt_EPUClT  -  "What  is  the  solar  array  number  one  upper  conic  temperature" 
vs_EPUC1T  -  "Show  me  the  upper  conic  temperature  of  solar  array  number  one 
vt_EPUClT  -  "Tell  me  the  upper  conic  temperature  of  solar  array  number  one" 


Monterey  Technologies,  Inc.  Final  Report  Contract  No.  F336I5-00-C-6006  Advanced  Interfaces  for  Satellite  Operations 


t- 

<0 

ro 

C 


o 

£ 

i 

P 

C 

t- 

tO 

CX 

CLi 

P 

o3 

fc 

03 

u 

o 

co 

tO 

x 


o 

2 

i 

In 

<o 

CX 

E 

<L> 

4-» 

to 


03 

X 

£ 


£ 

> 


<o 


to 

X 


<0 

to 

to 

<o 

X) 


to 

03 

<o 

CO 

co 

CO 

(O 

to 

to 


c 

t 

p 

o 

co 

P 

X 

■8 

o 


2 

8 

O 

03 

cx 

to 


CO 

3 

X 

T3 

03 

O 


2 

8 

03 

CX 

CO 

(0 

X 

4-4 

c 

o 


to 

>>  = 

<0  ^ 

to  0? 
to 

X  <L> 
^  <U 
X  X 
to  — 


to 

>> 

to 

<0 

to 

X 


P 
<0 


to 


X  to  o 


03  D 
to  z. 
co  03 


to 

CO 


s  e 


CO 
CO 
to  CO 

to  <n 

(U 

to 

<o  5 


to 

£  E 

o  s 

X  (O 

oo  H 


to 

03 

to 

CO 

CO 

CO 

<0 

to 

to 


03 


- 

to 

’  “to 

>> 

- 

>> 

to 

4— » 

c 

0) 

to 

2 

<o 

to 

2 

0> 

X 

X 

3 

O 

13 

co 

to 

p 

3 

p 

to 

X 

to 

CO 

CO 

T3 

CO 

P 

co 

CO 

O 

co 

to 

to 

to 

to 

to 

<zz 

p 

a> 

V|-H 

1— 

vi- 

o 

u 

tO 

(0 

to 

u 

to 

3 

p 

d 

P 

> 

cx 

p 

CO 

> 

<o 

CO 

<0 

X 

X 

4H 

X 

4— » 

to 

E 

to 

.2 

E 

4—4 

p 

£ 

13 

X 

£ 

o 

X 

H 

on 

o* 

P 

X 

T3 

03 

O 

to  $- 

U  03 


S  CO 
CO  J3 

T3 
~0  P 
c3  O 
O  — 


»-  P 
P  o 
«  to 

CO  p 

I? 

03  O 
O  — 


CO  P 

to  * 


03 

CO 


O  o  <o 
S  <o  co 
Q,  O  P 
So  g  cx 

<o  g-  1/3 

^  <D 

to  X 


C-  P 

p  h 

u.  O 
<0  to 
to  co 

CO  P 

P  cx 
CX  co 
co 


c 

o 

•4—4 

c 

2 

u. 

p 

co 


c 

o 


fc 


to 
to  X 
X  ■ 

CO 


<0  o 

X 


~  m  X 


co 
to 

to  X 


to 

E  P 

fl  f 


to 

E 

£ 
o 

X  _ 

co  h 


to 

E 

13 


p 

X 

£ 


s 

y 

w 


9 

y 

x 


I  I  I 


93 
u  u 
y\  <*> 

CO  4-41 

>  > 


CQ 

X 

U 

CO 

X 

I 

£ 

> 


■  HH 

HH  rv*\  hH 

93§9 

W  m  ",  W 

j-J  ^  oo 

►  >  > 


CO 

> 


w  rn 

co  3 

ri  u 

y  3 

>  > 


S  OQ 

3  3  x 

pa 

X  w  i 

•  I  > 

co  X  > 

>  >  > 


p 


p 

o 

to 

c 

o 

to 

to 


2  J3 

p  o 

*3  toi 
2  *•* 
o  £ 
CX;- 

E 

<o 


p 

0) 

to 

c 

o 

to 

2 

X 


p 

to 

4—4 

(0 

c 

o 

to 

to 


p  p 

to  to 


to 

c 

o 


to  to 
to  (O 


«-  X 


to 


t4- 

P  o 


p 

to 

cx 

CO 

CO 

to 

to 

to 


t 

p 

1— 

p 

o 

CO 

4-4 

2 

yr 


p  x 
to  ^ 
Cl  P 

to 

co  rv 
co 

0>  CO 
CO 

U  to 


QO 
«  8 
E  U 
*  E 

o  — 

X  D 

co  H 


p 

^15 
o  <u 

d>  ■£ 
w  «> 
•-  £ 

J  £ 

£  •§ 

r  oo 


=  P 
P  to 
tO 

to 

to  c 
5  O 
°  <o 
to  to 

D  t- 
C  X 
X  '*-* 
^  p 
P  <0 
2  Xi 

cx  M 

co  co 
co  tO 

w  to 
to  to 
to 

<Jr  O 
°  to 
to  D 

5  p 

>  > 
^  to 
to  X 


p  p 
_  X 

H  = 


fctfchh 


m 

Cu 

on 

W 


cu 

00 

X 

I 

> 


OU  Oh 
00  00 


X  X 


> 


JP  co 
X  Cu 
po  00 
X  X 

jj 

>  > 


fc  H 
&!  2 
m  ft 

“|W. 

>  CO 

>  > 


—  <ri 

S?  G- 

“f."1 

>  > 


CO 

to 

I 

<N 

< 


340 


vs_ESP3IT  -  "Show  me  the  first  solar  array  temperature" 
vt_ESP31T  -  "Tell  me  the  first  solar  array  temperature" 
vw_ESP31T  -  "What  is  the  first  solar  array  temperature" 
vs_ESP3lT  -  "Show  me  the  temperature  of  the  first  solar  array 
vt_ESP31T  -  "Tell  me  the  temperature  of  the  first  solar  array" 
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vs_SL0ART  -  "Show  me  slow  art" 
vt_SL0ART  -  "Tell  me  slow  art" 
vw_SLOART  -  "What  is  slow  art" 
vs_SL0ART  -  "Show  me  the  value  of  slow  art 
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EKG2BB_0  -  "change  ee  kay  gee  two  bee  bee  from  on  to  off’ 
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ET2AOB_l  -  "change  ee  tea  two  eh  oh  bee  from  off  to  on" 
ET2AOB_0  -  "change  ee  tea  two  eh  oh  bee  from  on  to  off' 
ET2AOB_l  -  "change  transmitter  eh  from  off  to  on" 
ET2AOB_0  -  "change  transmitter  eh  from  on  to  off’ 
ET2AOB_l  -  "set  ee  tea  two  eh  oh  bee  to  on" 
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EBARTB_1  -  "set  the  battery  eh  recondition  termination  to  automatic 
EBARTB_1  -  "set  the  battery  eh  recondition  termination  to  auto" 
EBARTBJ)  -  "set  the  battery  eh  recondition  termination  to  manual" 
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EBBK2B_0  -  "set  bee  bee  kay  two  bee  to  connect" 

EBBK2B_1  -  "set  the  battery  bee  kay  two  relay  position  to  disconnect" 
EBBK2B_0  -  "set  the  battery  bee  kay  two  relay  position  to  connect" 
EBBK2B_1  -  "disconnect  bee  bee  kay  two  bee" 
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EBDBYB_1  -  "set  ee  bee  dee  bee  why  bee  to  bye  pass 
EBDBYB_0  -  "set  ee  bee  dee  bee  why  bee  to  in" 
EBDBYB_1  -  "set  the  battery  bee  diode  to  bye  pass" 
EBDBYB_0  -  "set  the  battery  bee  diode  to  in" 
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ESP3PB_0  -  "change  ee  ess  pea  three  pea  bee  from  connect  to  disconnect" 

ESP3PB_1  -  "change  increment  three  on  the  prime  array  switching  paddle  increment  from  disconnect  to  connect' 
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Monterey  Technologies,  Inc.  Final  Report  Contract  No.  F336I5-00-C-6006  Advanced  Interfaces  for  Satellite  Operations 


C 

o 

<D 

X 


£ 

% 

0 

> 

0 

X 

O 

X 

c/3 

X 

C/D 

C 

C/3 

c 

.2 

C 

0 

cd 

O 

*M— » 

cd 

.2 

M-M 

cd 

.2 

*E 

.2 

*E 

3 

*5 

D 

E 

D 

E 

E 

E 

E 

0 

E 

0 

O 

0 

U 

<N 

U 

— 

D<! 

1 

C 

3 

< 

.E 

c 

J 

d) 

J 

X 

d> 

> 

Dm 

d> 

c 

> 

O 

GO 

0 

E 

►— » 

Q 

c 

E 

0 

04 

1 

Q 

0 

X 

CO 

04 

1 

> 

1 

<u 

> 

0 

C/D 

0 

0 

E 

z 

E 

<d 

0 

X 

d> 

04 

on 

C 

p 

GO 

on 

C 

04 

on 

C 

< 

.2 

.2 

X 

cd 

*x 

cd 

cd 

0 

E5 

2 

.2 

“E 

5 

c 

*E 

i 

s 

D 

E 

D 

E 

§ 

0 

u 

E 

0 

E 

0 

u 

y 

U 

2 

2 

c 

5 

c 

c 

3 

3 

3 

0- 

t/5 

Q 

£ 

s 

LU 

OC 

W 

£ 

a 

nJ 

< 

u 


u 

w 

w 


J  I 

o  x 

X  u- 

«-  s 

<D  £ 
£  n° 

o  cu 

Pu  p», 
Cd 

15  .Si 

O  u 

*  C  t> 
o  2 

rjj 

W  (U 


<u 

£ 


> 

o 

*  § 
o  C4 

X  = 
CO  I 


£ 

c 

X 


<D 

> 

o 

E 

<D 


CO  04 
<L>  <D 
£  £ 
o  o 
CU  Cu 

cd  Cd 
o  o 


o  o 
^  -2 
U3  tLj 


a  J2 

c3  cd 
&  £ 
<o  i: 

>  Cd 

x  x 

c  * 

5  c 
D-  cd 

O  O 

£  £ 

+-M  •*— » 

o  o 

M-M  -*— * 

0)  0) 
<D  (O 
X)  X 
cd  Cd 

0)  <u 
D-  Q- 
D  <L) 

e  e 

X  X 


«m—  on  cn 


Cd  C3 
£  £ 
<D  ^ 
>  05 

X  x 
c  * 

’5  c 

Dm  03 
O  O 

-*-*  ■*-> 

o  o 

<D  <L) 
X  -O 


X  X 

o  <u 


o  o 
c  c 


b 

-2  "c  "c 

X  X  *X  X 

o  o  2  » 

’U’D  t  t 

C3  d  D  O 
<D  <D  X  X 
on  cn  X  X 


=  a> 
<D  on 

§  2 
c  c 

Cd  03 


<U  d) 

<73  t/5 


O  O  O 


C  C 

03  03 


Dm  Dm  Dm  Dm 


on  on 
cn  cn 
cd  cd 

Dm  Dm 
d>  d> 

E  E 


on  c/3 
on  on 
cd  cd 

Dm  Dm 
d>  d) 

E  E 


> 

o 


O 


y 
5 
0-1 
CO 
►— * 

O 


5S 

< 

Dm 

GO 

GO 

< 

CU 


X  X 
GO  GO 


X  X 
GO  GO 


*  i 

o  oi 


GO 


d) 

> 

O 


a  a 

cd  <5 
£  £ 
d>  ±r 
>  cd 
X  x 


d> 

d) 

X 

d) 

X 

M— * 

X 

C 

cd 


E 

cd 

X 

"2 

Um 

a> 

*5 

c 

3 

X 

0 

cd 

O 

"2 

3 

s 

Um 

E 

on 

c 

cd 

M— 1 

*—» 

d> 

Um 

O 

O 

X 

M-J 

cm— 

X 

d) 

d) 

Dm 

a. 

c 

X 

on 

X 

E 

cd 

E 

cd 

cd 

X 

X 

X 

u. 

Um 

E 

<D 

<u 

d) 

d> 

cd 

O 

0 

£ 

d> 

M-» 

M— > 

0 

a- 

O 

Dm 

X 

*cn 

c  c 


d)  d> 
X  X 


d)  d) 
on  c/3 


d>  d> 
X  "O 


X  X 

d>  d> 


X 

d) 

d) 


c 

cd 


5; 

O 

c 

X 

,0 

0 

d> 

C 

O 

#o 

*C 

cd 

0 

M— ' 

c 

cd 

M— » 

c 

cd 

Cm— 

C 

cd 

Cm— 

C 

cd 

C 

cd 

c 

cd 

c 

d> 

0 

c 

a 

'cL 

'Qm 

'cL 

'cL 

cd 

on 

C/3 

cn 

on 

on 

Dm 

cn 

C/3 

C/3 

cn 

cn 

on 

on 

on 

Dm 

cd 

cd 

cd 

cd 

cd 

cn 

X 

a- 

X 

Dm 

Dm 

cd 

Du 

DO 

on 

d) 

d> 

d> 

d> 

a> 

C 

cd 

X 

X 

X 

X 

X 

> 

0 

> 

O 

O 

> 

O 

> 

O 

E 

CO 

t— * 

<u 

O 

O 

p-- 

O 

0 

O 

x 

X 

X 

X 

_c 

0 

Q 

X 

X 

X 

J— 

X 

X 

GO 

d> 

GO 

d> 

GO 

a> 

GO 

<D 

GO  04 

<D  (D 

<N 

■*— * 

E 

CO 

0 

CO 

0 

CO 

0 

CO 

0 

CO 

0 

c 

C 

c 

C 

C 

c 

0 

& 

£ 

0 

O 

O 

O 

O  O 

£ 

H 

H 

H 

H 

H 

c 

c 

c 

c 

C 

c 

cn 

c 

c 

c 

c 

c 

cd 

cd 

cd 

cd 

cd 

cd 

Dm 

cd 

cd 

cd 

cd 

cd 

CU 

a- 

0H 

Om 

Du 

CU 

CO 

cn 

CU 

Du 

Om 

CU 

CU 

on 

on 

on 

cn 

on 

on 

CO 

*  M 

on 

on 

on 

on 

cn 

cn 

on 

c/3 

on 

on 

cn 

l  W 

cn 

on 

cn 

on 

cn 

cd 

cd 

cd 

cd 

cd 

cd 

< 

cd 

cd 

cd 

cd 

cd 

Om 

Om 

CU 

Dm 

CU 

CU 

CU 

CU 

CU 

Om 

CU 

CU 

.E  d> 

cd  £ 

^  * 
O 
X 
GO 


2 

CQ 

O 

u 


d>  <D 

E  E 

£  £ 
o  o 


<d  d> 

E  E 

£  £ 
o  o 


GO  GO  GO  GO 


d) 
> 
O 

^  E 

£  d> 

o  04 

x  = 

GO  i 
=  0) 
•  > 

s  8 

5 I 

(Z>  Oi 
o  o 
S  5 
H  H 
c  c 
cd  cd 


on  cn 
on  on 


CO 

On 

1 

<N 

< 


380 


Pass  plan  3  display 

//this  is  from  the  COBRA  Training  2  scenario 
PassPlanThreeShow  -  "Show  me  pass  plan  three' 


Monterey  Technologies,  Inc.  Final  Report  Contract  No,  F336 1 5-00-C-6006  Advanced  Interfaces  for  Satellite  Operations 


>> 

w 


J=  JS  *S 
o>  0> 

<D 

c  c  *- 

^  ts  X 

I—  t—  " 

o  p  g 

^  Cj 

^  C^  £V 
c/3  c/3  *-** 

cd  cc 
CL  Cl  £ 

(S 

o  i)  a 


S  £  & 

o  o  0& 

JZ  JZ  - 

oo  m  i 


=s  ?  g 

o  o  e 
.c  x:  flj 
on  cz>  Os 

(DUO 
£!!£ 
JS  JZ  JZ 

H  H  H 
c  c  c 
^ 

Cl  D-  C- 

C/2  C/3  C/5 

C/3  C/5  C/5 

^  ^  ^ 

Cl  Cl  Cl 


<D  <D 
50  50 

c  c 

CCS  c3 

JS  JX 

o  a 


.2  5 

£  <2 
c  _ 
o  g 

Q  03 

"  o. 

^  co 

w>  =2 

#—  C5 

.5  CL 
g  <D 
'2  £ 
H  * 

<2 


^  r- 

>,  <*  M 

5  ®  = 

j  o  • 

g;  u  £ 

2  #  o 

O  x  ^ 


3  ^  c 

s3  .2  « 

CO  g  Ql 

S3  «  I 


o  c 

L-4  03 

c/3  rv, 
c/3  *“** 

ctf  c/3 

CL  ^ 

u  g, 

€  U 

I  5 
?  E 

g£ 

JS  = 
CO  I 


3  o 

a,  U 
E2  u 

Q  2 

£  e 

2  o 

<  4= 

«  <« 
o-  •— 

!/3  M 


2  o 

a.  U 

3  u 

O  2 

c 

2  o 

<  * 

b2 

C/3  g 


^  g  C/3 

«  -  C 
g  *"**  ^3 
C«  t/5  "q. 
*r«  C/5  •’*' 

CL  C3  c/3 
CO  a  g 

S|a 

Cl  4-*  $> 


&  S  3 
O  O  Pi 
x:  x:  = 
m  oo  * 

=i  =i  > 

^  i  % 

o  o  g 

X  X  w 

00  CO  Pi 

.25  iS 

55  55  55 

c  c  c 

£3  C5  cd 

CL  CL  CL 

C/3  E/3  C/3 

C/3  C/3  C/5 

d  S 

Cl  Cl  P-t 


s 

.2  u 

L  C/3  . 

§  e 

§  5 

O  CL 

C/5  ^ 

.  ^  C/3 

MD  c/3 

g>a- 

•S  I 
*s  r 

H  | 

5  I v 

ip  > 

a.  U  o 
E2  u  ’ 
Q 

^  S  > 

2  o  u 

<  i  w  i 

ial. 

CO  32  Pl  l 

00  r-  32 

<  -  3 

CL,  ^  cl,  j 


Ph  Pl  ^ 

c/3  c/3  £ 

Cfi  C^ 

W  »  t3 

Cl  Cl 


381 


PassPlanSevenShow  -  "Show  me  the  pass  plan  to  change  the  data  rate  from  two  thousand  fourty  eight  to  one  thousand  twenty  four’ 
PassPlanSevenShow  -  "Show  me  the  pass  plan  to  change  the  data  rate  from  two  oh  four  eight  kay  to  one  oh  two  four  kay” 
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Background 


The  satellite  simulation  implemented  in  the  test  bed  represents  a  generic  DSCS  satellite.  Four 
subsystems  are  simulated.  These  subsystems  are: 

•  Link  1  Communications 

•  Link  2  Communications 

•  Propulsion 

•  Electrical 

The  tables  below  describe  the  variables  simulated  in  the  test  bed.  These  variables  are  grouped  by 
subsystem.  Each  table  contains  the  name  of  the  variable  and  a  description  of  the  variable.  For 
continuous  variables,  the  tables  also  contain  the  values  that  define  the  nominal,  warning,  and 
caution  ranges.  For  discrete  variables,  the  two  states  are  defined. 

These  variables  and  values  were  provided  by  CERES  for  use  in  this  program. 
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Introduction 

This  document  will  describe  the  software,  and  the  environment  in  which  it  executes,  for  the 
Space  Operations  SBIR.  Subsequent  references  to  the  software  will  reference  specific  tasks,  or 
will  refer  to  SpaceOps  software  when  referring  to  the  entire  body  of  code.  The  system 
architecture  is  shown  below. 


Test  Bed  System  Architecture 


Proposed  Video  Processing 
(MTI  Adiva) 


Operator  Console  Workstation  '  Spare  Work  Station  Researcher's  Work  Station 

(Satellite  Control  Point)  (Experimenter  Station) 


The  hardware  platform  is  a  Dell  computer  using  two  varieties  of  the  Microsoft  Windows 
operating  system.  The  Dragon  Naturally  Speaking  SDK  was  used  to  integrate  voice  recognition 
and  text  to  speech.  Dials  and  gauges  were  purchased  from  GMS,  in  the  form  of  Active  X 
widgets.  A  graphical  editor  was  used  to  create  displays  that  show  satellite  systems.  The 
graphical  editor  (Altia)  can  also  be  used  to  animate  buttons  on  the  displays. 


Architecture  and  Environment 

The  SpaceOps  software  is  multi  tasking,  multi-threaded,  and  runs  in  a  distributed  hardware 
environment.  There  are  three  computers  used  to  host  Spaceops  software.  Each  computer  has  a 
logical  name  which  will  be  used  in  the  document  to  reference  each  machine.  The  logical  name 
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“ControlPoint”  is  used  for  the  computer  that  hosts  TimeClient.exe.  The  logical  name  “Test”  is 
used  for  the  computer  that  hosts  TimeServer.exe  nd  SpaceOps.exe. 

An  additional  computer  is  installed  in  the  system.  This  third  computer  is  not  currently  used  in  the 
simulation,  and  provides  expansion  capability  for  future  use.  It  does  not  have  a  logical  name  at 
this  time. 

All  inter  task  communication  is  done  using  Ethernet  hardware,  and  TCP/IP  software  protocol. 
The  hardware  architectures  of  the  ControlPoint  and  Test  computers  are  shown  below. 


“Control  Point”  Work  Station  Architecture 


Legend:  —  expansion  capability 
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“Test”  Workstation  Architecture 


There  are  three  software  tasks  that  comprise  the  SpaceOps  software.  These  three  tasks  run  on 
ControlPoint  and  Test.  A  third  computer  is  no  longer  used,  and  can  be  considered  spare  capacity. 
TimeClient.exe  runs  on  ControlPoint,  a  Windows  98  machine.  TimeServer.exe  and 
SpaceOps.exe  run  on  the  Test  computer,  which  is  a  Windows  NT  operating  system.  The 
software  system  architecture  is  shown  below. 


Overall  Software 
Architecture 


Control  Point  CPU  Test  CPU 
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SpaceOps.exe 


SpaceOps.exe  is  used  as  an  experimenters  graphical  User  Interface  (GUI)  for  the  rest  of  the 
SpaceOps  software.  An  experimenter  can  control  the  execution  and  timing  of  the  SpaceOps 
software  from  this  GUI.  The  SpaceOps.exe  architecture  is  shown  below. 


SpaceOps  Task  Architecture 


MICROSOFT  FOUNDATION  CLASS  LIBRARY  DOCUMENTATION:  SpaceOps 


AppWizard  created  this  SpaceOps  application 

This  chapter  contains  a  summary  of  what  you  will  find  in  each  of  the  files  that 
make  up  the  SpaceOps  application. 

SpaceOps.dsp 

This  file  (the  project  file)  contains  information  at  the  project  level  and  is  used  to  build  a  single 
project  or  subproject.  Other  users  can  share  the  project  (.dsp)  file,  but  they  should  export  the 
makefiles  locally. 

SpaceOps.h 

This  is  the  main  header  file  for  the  application.  It  includes  other  project  specific  headers 
(including  Resource. h)  and  declares  the  CSpaceOpsApp  application  class. 
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SpaceOps.cpp 

This  is  the  main  application  source  file  that  contains  the  application  class  CSpaceOpsApp. 

SpaceOps.rc 

This  is  a  listing  of  all  of  the  Microsoft  Windows  resources  that  the  program  uses.  It  includes  the 
icons,  bitmaps,  and  cursors  that  are  stored  in  the  RES  subdirectory.  This  file  can  be  directly 
edited  in  Microsoft  Visual  C++. 

SpaceOps.clw 

This  file  contains  information  used  by  ClassWizard  to  edit  existing  classes  or  add  new  classes. 
ClassWizard  also  uses  this  file  to  store  information  needed  to  create  and  edit  message  maps  and 
dialog  data  maps  and  to  create  prototype  member  functions. 

res\SpaceOps,ico 

This  is  an  icon  file,  which  is  used  as  the  application's  icon.  This  icon  is  included  by  the  main 
resource  file  SpaceOps.rc. 

res\SpaceOps.rc2  * 

This  file  contains  resources  that  are  not  edited  by  Microsoft  Visual  C++.  You  should  place  all 
resources  not  editable  by  the  resource  editor  in  this  file. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHI 

AppWizard  creates  one  dialog  class: 

SpaceOpsDlg.h  and  SpaceOpsDlg.cpp  -  the  dialog 

These  files  contain  your  CSpaceOpsDlg  class.  This  class  defines  the  behavior  of  your 
application's  main  dialog.  The  dialog's  template  is  in  SpaceOps.rc,  which  can  be  edited  in 
Microsoft  Visual  C++. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIII 

Help  Support 

hlp\SpaceOps.hpj 

This  file  is  the  Help  Project  file  used  by  the  Help  compiler  to  create  your  application's  Help  file. 


hlp\*.bmp 

These  are  bitmap  files  required  by  the  standard  Help  file  topics  for  Microsoft  Foundation  Class 
Library  standard  commands. 
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hlp\*.rtf 

This  file  contains  the  standard  help  topics  for  standard  MFC  commands  and  screen  objects. 

///////////////////////////////////////////////////////////////////////////// 

Other  standard  files: 

StdAfx.h  and  StdAfx.cpp 

These  files  are  used  to  build  a  precompiled  header  (PCH)  file  named  SpaceOps.pch  and  a 
precompiled  types  file  named  StdAfx.obj. 

Resource.h 

This  is  the  standard  header  file,  which  defines  new  resource  IDs.  Microsoft  Visual  C++  reads 
and  updates  this  file. 

///////////////////////////////////////////////////////////////////////////// 

Other  notes: 

AppWizard  uses  "TODO:"  to  indicate  parts  of  the  source  code  you  should  add  to  or  customize. 
///////////////////////////////////////////////////////////////////////////// 


Notes  on  MTI  developed  modules  and  header  files: 


SocketCode  (NetBase.cpp,  NetBase.h,  NetClient.cpp,  NetClient.h,  NetQueue.cpp, 

NetQueue.h,  NetStd.h,  and  SimpleSock.h): 

The  modules  and  headers  in  SocketCode  define  and  implement  the  Ethernet  communications 
functionality.  Socket  communications  are  used  to  link  SpaceOps  with  the  TimeServer  and  TimeClient 
executables. 

AnomalyTypeDIg.cpp  and  AnomalyTypeDIg.h; 

This  module  and  associated  header  file  defines  and  implements  the  anomaly  window  resource. 

cdxCSizingDIg.cpp  and  cdxCSizingDIg.h: 

cdxCSizingDialog.cpp  implementation  file.  (c)1998  Hans  Btihler,  codex  design.  Designed  to  be  used 
with  MS  VC++ 5.0 

This  module  and  associated  header  file  is  used  to  dynamically  resize  the  window  components  of  any 
window  that  is  being  resized  by  the  cursor. 
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RunTime.epp  and  RunTime.h: 

The  RunTime.epp  module  and  associated  header  file  is  used  to  update  the  local  times  (GMT  and  ticks 
past  start).  The  starting  date  and  time  are  read  in  via  a  Win32  API  call,  and  RunTime.epp  is  used  to 
update  the  time.  It  was  also  used  for  data  collection  purposes  early  in  the  development  of  the  project. 
There  is  still  a  lot  of  legacy  code  relating  to  data  collection.  As  of  this  writing,  the  data  collection  is 
being  done  in  a  separate  CPU  under  control  of  the  TimeClient.cpp  module. 

SpaceOpsDlg.cpp,  SpaceOpsDIg.h: 

This  module  and  associated  header  file  implements  the  class  behaviors  for  the  SpaceOps  GUI.  This 
code  implements  the  main  interface  between  the  researcher  and  the  SpaceOps  process. 

Global.h: 

Several  global  definitions  are  in  this  header  file. 

Anomalies.h : 

This  header  file  includes  a  list  of  all  the  different  satellite  variables  that  can  be  placed  into  an  anomalous 
state.  This  list  must  correspond  (one  for  one)  on  the  list  of  selectable  anomalies  on  the  SpaceOps  GUI. 
Each  anomaly  definition  value  is  a  unique  vector  into  the  anomaly  code  for  a  specific  variable. 

Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

TimeServer.exe 


TimeServer.exe  controls  the  pseudo  time  for  the  application.  Given  more  time,  this  task  would 
have  been  folded  into  SpaceOPs.exe.  Due  to  a  major  design  change  in  the  middle  of  the  SBER, 
TimeServer.exe  became  a  stand-alone  task,  after  stripping  out  much  additional  functionality  that 
was  no  longer  needed.  The  TimeServer.exe  architecture  is  shown  below. 
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TimeServer  Task  Architecture 


MICROSOFT  FOUNDATION  CLASS  LIBRARY  DOCUMENTATION:  TimeServer 


AppWizard  created  this  TimeServer  application 

This  chapter  contains  a  summary  of  what  you  will  find  in  each  of  the  files  that 
make  up  the  TimeServer  application. 

TimeServer.h 

This  is  the  main  header  file  for  the  application.  It  includes  other  project  specific  headers 
(including  Resource.h)  and  declares  the  CTimeServerApp  application  class. 

TimeServer.cpp 

This  is  the  main  application  source  file  that  contains  the  application  class  CTimeServerApp. 

TimeServer.rc 

This  is  a  listing  of  all  of  the  Microsoft  Windows  resources  that  the  program  uses.  It  includes  the 
icons,  bitmaps,  and  cursors  that  are  stored  in  the  RES  subdirectory.  This  file  can  be  directly 
edited  in  Microsoft  Visual  C++. 

resXTimeServer.ico 

This  is  an  icon  file,  which  is  used  as  the  application's  icon.  This  icon  is  included  by  the  main 
resource  file  TimeServer.rc. 
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res\TimeServer.rc2 

This  file  contains  resources  that  are  not  edited  by  Microsoft  Visual  C++.  You  should  place  all 
resources  not  editable  by  the  resource  editor  in  this  file. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIM 

AppWizard  creates  one  dialog  class; 

TimeServerDlg.h  and  TimeServerDlg.cpp  -  the  dialog 

These  files  contain  your  CTimeServerDlg  class.  This  class  defines  the  behavior  of  your 
application’s  main  dialog.  The  dialog's  template  is  in  TimeServer.rc,  which  can  be  edited  in 
Microsoft  Visual  C++. 

Ilillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Other  standard  files: 

StdApx.h,  StdAfx.cpp 

These  files  are  used  to  build  a  precompiled  header  (PCH)  file  named  TimeServer.pch  and  a 
precompiled  types  file  named  StdAfx.obj 

Resource.h 

This  is  the  standard  header  file,  which  defines  new  resource  IDs.  Microsoft  Visual  C++  reads 
and  updates  this  file. 

Illllllllllllllllllilllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Other  notes: 

AppWizard  uses  "TODO:"  to  indicate  parts  of  the  source  code  you  should  add  to  or  customize. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIH 


Notes  on  MTI  developed  modules  and  header  files: 


SocketCode  (NetBase.cpp,  NetBase.h,  NetClient.epp,  NetClient.h,  NetQueue.cpp, 

NetQueue.h,  NetStd.h,  and  SimpleSock.h) 

The  modules  and  headers  in  SocketCode  define  and  implement  the  Ethernet  communications 

functionality.  Socket  communications  are  used  to  link  TimeServer  with  the  SpaceOps  and  TimeClient 
executables. 
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RunTime.cpp,  RunTime.h 

The  RunTime.cpp  module  and  associated  header  file  is  used  to  update  the  pseudo  time  that  is  input  by  an 
experimenter  at  run  time.  The  starting  date  and  time  are  input  via  a  configuration  file,  and  RunTime.cpp 
is  used  to  update  the  time 

TimeserverDIg.cpp  and  TimeSi  ”vrrDlg.h 

This  module  and  associated  headei  file  implements  the  class  behaviors  for  the  TimeServer  display 
window.  This  code  implements  the  main  interface  between  the  researcher  and  the  TimeServer  process. 

Global.h 

Several  global  definitions  are  in  this  header  file. 

Illlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

TimeClient.exe 

TimeClient.exe  is  the  satellite  operators  interface  into  the  simulated  satellite.  All  operator  I/O  is 
controlled  with  this  task.  The  I/O  includes  voice  I/O,  touchscreen  I/O,  footpedal  I/O  and 
intertask  communications.  The  TimeClient.exe  architecture  is  shown  below. 

TimeClient  Task  Architecture 


MICROSOFT  FOUNDATION  CLASS  LIBRARY  DOCUMENTATION:  TimeClient 
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AppWizard  created  this  TimeClient  application 

This  file  contains  a  summary  of  what  you  will  find  in  each  of  the  files  that 
make  up  the  TimeClient  application. 

TimeClient.dsp 

This  file  (the  project  file)  contains  information  at  the  project  level  and  is  used  to  build  a  single 
project  or  subproject.  Other  users  can  share  the  project  (.dsp)  file,  but  they  should  export  the 
makefiles  locally. 

TimeCIient.h 

This  is  the  main  header  file  for  the  application.  It  includes  other  project  specific  headers 
(including  Resource.h)  and  declares  the  CTimeClientApp  application  class. 

TimeClient.cpp 

This  is  the  main  application  source  file  that  contains  the  application  class  CTimeClientApp. 

TimeCIient.re 

This  is  a  listing  of  all  of  the  Microsoft  Windows  resources  that  the  program  uses.  It  includes  the 
icons,  bitmaps,  and  cursors  that  are  stored  in  the  RES  subdirectory.  This  file  can  be  directly 
edited  in  Microsoft  Visual  C++. 

res\TimeCIient.ico 

This  is  an  icon  file,  which  is  used  as  the  application's  icon.  This  icon  is  included  by  the  main 
resource  file  TimeCIient.re. 

res\TimeCIient.rc2 

This  file  contains  resources  that  are  not  edited  by  Microsoft  Visual  C++.  You  should  place  all 
resources  not  editable  by  the  resource  editor  in  this  file. 

///////////////////////////////////////////////////////////////////////////// 

AppWizard  creates  one  dialog  class: 

TimeClientDlg.h,  TimeClientDlg.cpp  -  the  dialog 

These  files  contain  your  CTimeClientDlg  class.  This  class  defines  the  behavior  of  your 
application  s  main  dialog.  The  dialog's  template  is  in  TimeCLient.rc,  which  can  be  edited  in 
Microsoft  Visual  C++, 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllinillHIIIIII 
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Other  standard  files: 

StdAfx.h  and  StdAfx.cpp 

These  files  are  used  to  build  a  precompiled  header  (PCH)  file  m;  ■■■d  TimeClient.pch  and  a 
precompiled  types  file  named  StdAfx.obj. 

Resources 

This  is  the  standard  header  file,  which  defines  new  resource  IDs.  Microsoft  Visual  C++  reads 
and  updates  this  file. 

Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
Other  notes: 

AppWizard  uses  "TODO:"  to  indie  ate  parts  of  .the  source  code  you  should  add  to  or  customize. 
////////////////////////////////////////////////'"////////////////////////// 


Notes  on  MTI  developed  modules  and  header  files: 


SocketCode  (NetBase.cpp,  NetBase.h,  NetClient.cpp,  NetClient.h,  NetQueue.cpp, 

NetQueue.h,  NetStd.h,  and  SimpleSock.h) 

The  modules  and  headers  in  Socke;Code  define  and  implement  the  Ethernet  communications 
functionality.  Socket  communications  are  used  to  link  TimeCIient  with  the  TimeServer  and  SpaceOps 
executables. 

agauge.cpp  and  agauge.h 

This  module  and  associated  header  file  contains  the  functions  that  are  used  to  animate  the  GMS  Active 
X  gauges. 

C2A28V.cpp,  C2A28Vn,  C2A28V.h,  and  C2A28Vn.h 

These  modules  and  associated  header  file  define  and  implement  the  gauge  (widget)  for  the  C2A28V 
satellite  variable.  The  gauge  displays  the  value  of  the  variable  at  a  given  time.  The  ‘n’  modules  display 
normalized  values  of  the  variable. 

Each  gauge  (widget)  is  defined  and  implemented  by  it’s  own  epp  module  and  header  file.  They  are  all 
the  same,  excepting  the  name  of  the  module.  Each  gauge  (widget)  is  an  Active  X  control  that  must  be 
licensed  to  run.  The  TimeCIient  simulation  is  capable  of  displaying  roughly  200  different  widgets.  The 
naming  convention  used  for  each  widget  was  to  start  with  the  variable  name  (c2a28v  in  the  case  shown 
above),  and  add  a  lower  case  V  for  the  normalized  values.  Some  variable  names  did  not  allow  for  this, 
as  in  the  case  of  a  variable  name  with  a  V  sign.  In  those  cases,  the  P  (  plus  sign)  or  M  (minus  sign)  was 
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capitalized  and  the  rest  of  the  word  in  lower  case  e.g.  C2B_Minus_J  V.cpp.  For  the  sake  of  brevity,  I 
will  not  include  a  written  description  of  each  module  for  the  different  widgets  in  this  document. 

CautionDlg.cpp  and  CautionDIg.h 

This  module  and  associated  header  file  defines  and  implements  the  window  that  displays  a  list  of  system 
caustions.  Additional  logic  regulates  when  the  list  is  displayed,  as  opposed  to  the  widget  of  the  variable 
in  a  cautions  state. 

Dgnvoicecmdauto.cpp  and  dgnvoicecmdauto.h 

This  module  and  associated  header  file  define  and  implement  the  machine  generated  IDispatch 
wrapper  class(es)  created  by  Microsoft  Visual  C++.  These  wrapper  classes  allow  the  MS 
compiler  to  interoperate  with  the  Dragon  Voice  API. 

Dgnvoicetxtl.cpp  and  dgnvoicetxtl.h 

This  module  and  associated  header  file  contain  the  API  calls  that  permit  the  use  of  the  Dragon  speech 
engine. 

Led.cpp  and  Ied.h 

This  module  and  associated  header  file  define  and  implement  the  machine  generated  IDispatch 
wrapper  class(es)  created  by  Microsoft  Visual  C++.  These  wrapper  classes  allow  the  MS 
compiler  to  interoperate  with  the  GMS  led  Active  X  API. 

TimeClientDig.cpp  and  TimeClientDIg.h 

This  module  and  associated  header  file  is  the  main  module  for  the  TimeClient  executable.  It 
defines  and  implements  the  operator  GUI, controls  all  input  and  output  (voice,  USB,  Ethernet, 
serial),  and  via  a  subordinate  process,  it  controls  the  state  of  the  ‘thin’  simulation.  In  addition, 
this  module  is  responsible  for  data  collection  and  loads  in  the  Dragon  voice  recognition 
vocabulary. 

Vmenuauto.epp  and  vmenuauto.h 

This  module  and  associated  header  file  conatins  addition  Dragon  API  calls  to  manipulate  the  Dragon 
voice  interface. 

CautionDlg.cpp  and  CautionDIg.h 

This  module  and  associated  header  file  defines  and  implements  the  window  that  displays  a  list  of  system 
warnings.  Additional  logic  regulates  when  the  list  is  displayed,  as  opposed  to  the  widget  of  the  variable 
in  a  warning  state. 

Anomalymap.cpp 

This  module  is  an  external  dependency  to  the  TimeClient  project.  It  must  not  be  ‘included’  into  the 
project,  as  this  will  force  a  compile  of  the  module.  For  the  sake  of  clarity  and  modularity,  the  logic  in 
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this  module  was  broken  out  of  the  TimeClientDIg.cpp  source  code  code,  but  at  compile  time,  it  is  re¬ 
introduced  to  the  TimeClientDIg.cpp  source  code,  at  the  appropriate  place. 

Anomalymap.cpp  maps  the  anomalies  (sent  from  SpaceOps  task)  to  the  appropriate  logic  in  the  ‘thin’ 
simulation. 

Datain.h 

This  header  file  contains  the  list  of  all  data  collection  variables  that  are  currently  available.  This  code  is 
obsolete  and  has  been  superseded  by  logic  that  collects  data  on  the  CONTROL  POINT  CPU.  It  was 
originally  used  to  build  a  buffer  that  was  sent  to  SpaceOps. 

Displaydialog.cpp 

This  module  is  an  external  dependency  to  the  TimeClient  project.  It  must  not  be  ‘included’  into  the 
project,  as  this  will  force  a  compile  of  the  module.  For  the  sake  of  clarity  and  modularity,  the  logic  in 
this  module  was  broken  out  of  the  TimeClientDIg.cpp  source  code  code,  but  at  compile  time,  it  is  re¬ 
introduced  to  the  TimeClientDIg.cpp  source  code,  at  the  appropriate  place. 

Displaydialog.cpp  contains  all  the  widget  Display  functions  for  the  entire  list  of  variables. 

Messagemap.cpp 

This  module  is  an  external  dependency  to  the  TimeClient  project.  It  must  not  be  ‘included’  into  the 
project,  as  this  will  force  a  compile  of  the  module.  For  the  sake  of  clarity  and  modularity,  the  logic  in 
this  module  was  broken  out  of  the  TimeClientDIg.cpp  source  code  code,  but  at  compile  time,  it  is  re¬ 
introduced  to  the  TimeClientDIg.cpp  source  code,  at  the  appropriate  place. 

Messagemap.cpp  maps  the  result  of  the  Dragon  speech  engine  to  a  specific  set  of  logic  that  will  respond 
via  voice  or  the  display  of  a  widget,  when  a  phrase  is  recognized. 

///////////////////////////////////////////////////////////////////////////// 
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Creation  of  Voice  Dialogs 


Abstract 

One  of  the  key  user  interface  features  in  the  satellite  controller  test  bed  is  the  voice  I/O  system. 
This  system  is  based  on  Dragon  Naturally  Speaking.  In  order  to  extend  the  voice  I/O  system 

This  document  outlines  how  to  create  an  new  dialog  in  the  Timeclient  program  for  the  Satellite 
Operator  Console  Test  bed  project.  Once  an  new  dialog  is  created  it  can  be  displayed  either 
using  a  voice  command  or  when  a  caution  or  warning  Dialog  list  is  called  up  and  there  are  less 
than  6  warnings  or  cautions  whichever  the  case  may  be. 

There  is  a  standard  naming  convention  for  dialogs,  classes,  variables  etc  in  the  Timeclient 
program  which  should  be  strictly  adhered  to.  Each  naming  convention  is  given  as  required 
throughout  the  Method. 


Method 

1 .  Open  the  d:\PostBTI\Timeclient  workspace  from  the  appropriate  folder. 

2.  Once  the  workspace  is  open  on  the  Left  hand  side  select  the  resources  tab  and  highlight 
one  of  the  already  pre-created  widget  dialogs.  By  holding  down  Ctrl  -c  keys  the  dialog 
will  be  copied.  Press  the  Ctrl-  V  keys  the  dialog  will  he  pasted  onto  the  workspace.  Note: 
For  convenience  sake  dialogs  are  copied  rather  than  recreating  them  from  scratch  which 
is  very  time-consuming. 

3.  Double  left  click  on  the  newly  created  dialog.  It  should  display.  Its  obviously  the  same  as 
the  copied  one. 

4.  Right  click  outside  the  new  dialog  and  select  the  properties  tab  and  rename  it.  The 
convention  for  naming  dialogs  is  the  variable  name  in  uppercase  characters  with  a 
preceedining  IDD_.  E.g.  Variable  name  =  CCINIT 

Dialog  name  =  IDD_CCINIT  -Actual  Value  dialogs 
Dialog  name  =  IDD_CCINITn  -  Normalized  dialogs 

5.  Next  the  GMS  widget  will  have  to  be  altered  to  suit  the  variable  values.  Right  click  on 
the  widget  and  select  “GMS  Angular  Gauge  Active  X  control  object”  -Properties .  A 
window  should  appear 

a.  Rename  the  control  using  the  variable  name  with  a  preceeding  IDC_ 

Eg  Variable  name  =  CCINIT 

Dialog  name  =  IDC_CCINIT  —  Non  -Normalized  dialogs 
Dialog  name  =  IDC_CCINITn  -  Normalized  dialogs 

b.  Change  the  caption  to  the  variable  name.  The  variable  name  should  end  with  an 
‘n’  if  the  dialogs  a  normalized  dialog. 
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6.  The  Lower  and  upper  limits  must  be  calculated  next.  Limits[0]  to  Limit[3]  are  already 
given  on  the  attached  sheet.  The  Lower  limit  will  be  called  Limit[-1]  and  the  upper  Limit 
will  be  called  Limit[4],  The  first  limit  (Limit[-1  ])  is  calculated  as  follows  Limitf  1  ]  - 
(Limit[2]  -Limit[0]).  The  final  limit  (Limit[4])is  Limit[2]  +  (Limit[3]  —Limitf  1  ]). 

7.  Select  the  Scales  tab  and  set  the  MIN  and  MAX  limits  to  the  Limit[-1]  and  Limit[4] 
values  respectively. 

8.  Next  select  the  Annulars  tab.  From  the  list  of  variable  limits  attached  to  this  document 
adjust  the  annulars  as  follows. 

a.  There  should  be  five  different  annulars  on  for  each  range.  Enter  limit[-l]  into  the 
start  value  for  annular  zero.  The  second  given  limit,  LimitfO]  is  entered  as  the  stop 
value.  Select  Annular  ID  1  the  start  value  for  this  is  limitfO]  and  the  stop  value  is 
limitf  1  ]  for  the  next  annular  ID  the  start  value  is  limitfl  ]  and  stop  value  is  limit[2] 
etc,  etc.  Continue  to  fill  in  the  Annular  values  untill  all  5  annulars  are  complete. 

b.  If  the  dialog  is  a  Normalized  dialog  calculate  the  limits  as  before  except 
calculated  them  as  a  %  of  the  Nominal  value.  Eg.  If  LimitfO]  =  57.27  and 
Nominal  =  75.53  LimitfO]  Normalized  =  (Limit  [0]/Nominal)*  100  =75.82%.  Do 
this  for  all  the  values  and  enter  them  as  before. 

9.  Now  select  the  needle  tab  and  position  the  Needle  value  slider  at  the  lowest  possible 
limit. 

10.  Finally  select  the  Tics  tab.  In  the  AutoTic  tab  increment  /  decrement  the  TicCount(Major 
Tic)  value  until  there  are  enough  tics  displayed  on  the  widget  to  show  the  scale.  Close 
the  properties  window. 

11.  The  new  dialog  resource  window  should  still  be  open.  With  the  new  dialog  selected  press 
the  Ctrl  -  w  keys  to  invoke  class  wizard.  You  should  be  prompted  to  select  a  new  class. 
Enter  a  class  name  using  the  following  naming  convention.  Preceed  the  variable  name 
with  a  upper  case  C. 

E.g.  Variable  name  =  CCINIT 

Class  Name  =  CCCINIT 

For  Normalized  values  the  class  name  should  finish  with  a  ‘n’. 

Click  OK. 

12.  Still  in  ClassWizard  click  on  IDC_CLOSE  in  the  ObjectsID  box.  In  the  Messages  box 
click  on  BN_CLICKED  and  press  the  ADD  FUNCTION  button  which  has  just 
highlighted.  You  will  be  prompted  for  a  member  function  name,  leave  the  default  and 
click  OK. 

13.  Still  in  ClassWizard  click  on  the  Member  variables  tab.  There  should  be  2  control  ID’s 
present.  Click  on  the  control  ID  you  entered  for  the  widget  in  line  5a.  and  press  add 
variable.  Enter  the  variable  name  preceeded  by  a  lowercase  m_.  If  the  widget  is  for  a 
normalized  value  place  an  ‘n’  at  the  end  of  the  variable  name.  Click  OK  and  get  out  of 
class  wizard  by  clicking  OK. 

14.  Once  back  in  the  workspace  click  on  the  file  view  tab.  A  new  .cpp  file  will  have  been 
created  called  Variablename.cpp  Eg.CCINIT.cpp.  Open  it  by  double  clicking  on  it.  Now 
by  comparing  it  to  a  previously  created  file  for  a  dialog  it  should  be  easily  altered  as 
follows 

a.  Change  the  constructor  function  by  replacing  CWnd  with  CTimeClientDlg*.  Put 
the  following  line  at  the  end  of  the  constructor 
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,  m_pParent(pParent) 

Eg.  Change:  CCCINIT::CCCINIT(CWnd*  pParent  /*=NULL*/) 

:  CDialog(CCCINIT;:lDD.  pParent) 

To 

CCCINIT::CCCINIT(CTimeClientDlg*  pParent  /*=NULL*/) 

:  CDialog(CCCINlT::lDD,  pParent),  m_pParent(pParent) 

b.  Next  within  the  constructor  braces  place  the  following  line: 

Create(Class  Name::IDD,pParent);  pg 

Create(CCCINIT::IDD, pParent);  the  class  name  is  the  one  set  in  line  12  of  these 
instructions. 

This  creates  the  dialog  resource. 

c.  Scroll  down  to  the  bottom  of  the  file.  There  should  be  a  OnClose  constructor 
function  Eg.  void  CCCINIT ::OnClose() 

We  are  going  to  create  a  new  function  called  DeleteDialogVariable  Name  above 
the  OnClose  function. 

void  CCC_Plus_60Vn::DeleteDialogVariableName() 

1 

DestroyWindowQ: 
delete  Dig  handle; 

Dig  handle=  NULL: 

m_pParent->Scan  Array  (Voice  command)^/If  present  in  DialogState  array 
//Scan  the  array  and  reset  the  required  value  to  -1 

} 

Note:  The  voice  command  variable  can  be  found  on  the  voice  commands  sheet 
attached. 

d.  In  the  OnClose  function  insert  the  following  line  DeleteDialogVariable 

NameQ;  '  This  calls  the  delete  dialog 

function 

e.  Next  above  the  newly  created  DeleteDialog  variable  add  the  following  line, 
extern  Class  name*  Dig  Handle; 

Eg.extern  CCC_Plus_60Vn*  pDlgCC_Plus_60Vn; 

If  there  are  difficulties  implementing  any  of  this  code  refer  to  a  previously  created  dialog  .cpp 
file. 


15.  Next  open  the  variable  name  header  file  (Variablename.h)in  the  header  file  folder  in 
the  file  view  Eg.CCINIT.h.  Open  it  by  double  clicking  on  it. 

a.  Include  the  header  file  #include  "TimeClientDlg.h". 

b.  Within  the  variable  class  public  declaration  change  the  line  constructor  to  accept 
only  a  pointer  from  class  CTimeClientDlg. 

E.g.  CCCINIT(CWnd*  pParent  =  NULL);  goes  to. 

CCCINIT  (CTimeClientDlg*  pParent  =  NULL); 

c.  Next  add  the  declaration  of  the  DeleteDialog  function  within  the  public  under  neat 
the  line //}}AFX_DATA 

Eg  //}  }AFX_DATA 
afx_msg  void  DeleteDialogCCINITQ; 

d.  In  the  protected  declaration  add  the  following  line: 
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CTimeClientDlg*  m_pParent; 

16.  Now  open  TimeClientDlg.cpp.  Do  the  following: 

a.  Include  the  newly  created  header  file  below  all  the  previously  created 
header  files,  e.g.  Insert  the  lines  #include  "CCINIT.h". 

b.  Still  in  TimeClientDlg.cpp  create  a  pointer  to  the  newly  created  class  underneath 
all  the  previously  created  pointers.  I.e.  Classname  *pDlgVariabIename. 

E.g.  CCdNIT*  pDlgCCINIT; 


17.  Press  the  F7  function  key  to  compile  the  file.  The  file  should  compile  without  any  errors. 
If  it  doesn’t  retrace  the  steps  taken  making  sure  the  syntax  is  correct  and  all  naming 
conventions  have  been  followed. 

18.  Still  in  TimeClientDlg.cpp  go  to  the  GenerateData  function.  Within  this  function  there  is 
a  section  for  each  variable  where  the  limits  are  defined  and  a  value  calculated.  Scroll 
down  to  this  section.  Add  the  following  lines: 

if(pDlgHandle) 

( 

pDlgHandle  ->ControlVariable..SetNeedleValue(Value_variable  name); 

1 

The  control  variable  is  the  one  set  in  line  14  of  these  instructions. 

Eg.  if(pDlgCCINIT) 

{ 

pDlgCCINIT ->m_CCINIT.  SetNeedle  V  al  ue(  V  alue_CCINIT) ; 

1 

19.  Open  displaydialog.cpp  in  the  external  dependencies  folder .  Scroll  down  to  the 
appropriate  function  and  insert  the  following  code  under  Close_Link2Comm(); 
if( !pDlgHandle)//If  (he  dialog  box  in  not  already  displayed 

//display  it. 

{ 

pDlgHandle  =  new  ClassName(this); 

AreaDisplay(voice  command. &areacalled); 
pDlgHandle  ->SetWindowPlacement(&areacalled); 
SetWindowPos(NULL,0,0,0.0,SWP_NOSIZE); 

//Resets  the  focus  to  the  main  window 


Eg- 

if(!pDlgCCINIT)//If  the  dialog  box  in  not  already  displayed 

//display  it. 


pDlgCCINIT  =  new  CCCINIT(this); 
AreaDisplay(vs_CCINIT,&areacalled); 
pDlgCCINIT->SetWindowPlacement(&areacaIled); 
SetWindowPos(NULL,0,0,0,0,SWP_NOSIZE); 
//Resets  the  focus  to  the  main  window 


20.  Finally  open  TimeClientDlg.cpp  once  again  and  go  to  the  DeleteDialog  function.  This  is 
a  large  switch  statement  which  contains  a  case  for  every  dialog.  For  the  Dialog  that  has 
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just  been  created  create  a  new  case  statement  identical  to  the  previous  ones  except  with  a 
different  variable  name. 


case  vs_CC_MINUS_60V: 

{ 

if(pD]gCC_Minus_60Vn  &&  Normalized  =  0) 

{ 

pDlgCC_Minus_60Vn->DeleteDiaIogCC_Minus_60Vn(); 

if(pDlgCC_Minus_60V  &&  Normalized  ==  1) 

{ 

pDIgCC_Minus_60V->DeleteDia]ogCC_Minus_60V(); 

} 

21.  Press  the  control  key  F7  on  the  keyboard  to  compile  the  new  dialog.  It  should  compile 
without  any  problems.  If  there  are  any  compile  errors  double  -click  on  the  appropriate  on 
a  error  and  see  which  line  of  code  the  error  relates  to.  If  its  one  of  the  lines  of  code  that 
you  entered  check  to  make  sure  it  was  entered  correctly. 

22.  If  the  program  complies  without  any  errors  execute  it  by  pressing  the  control(Ctrl)  key 
and  F5  simultaneously.  Once  the  TimeClient  Dialog  is  displayed  turn  on  the  Microphone 
by  clicking  on  its  Icon  in  the  windows  taskbar.  Speak  the  command  to  display  the  dialog 
into  the  microphone  and  the  dialog  should  display.  The  list  of  voice  commands  is  detailed 
in  Commands.h.  Once  the  Dialog  is  displayed  test  the  following: 

a.  Make  sure  the  needle  is  moving  on  the  dialog  widget.  If  its  not  recheck  the  code 
implemented  in  section  16. 

b.  Click  on  the  close  button  make  sure  the  dialog  disappears. 
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Editing  Widgets 


Abstract 

The  graphics  used  to  show  the  current  values  of  variables  in  the  satellite  controller  HSI 
workstation  are  created  using  the  Instrumentation  Acth  Jbrary  software  (Global  Majic 
Software,  Inc.,  Huntsville,  AL).  The  values  of  the  variable.*  are  generated  in  the  satellite 
simulation  software  and  used  by  the  widgets  to  position  the  pointer  or  otherwise  indicate  the 
current  values.  This  document  describes  the  process  for  altering  the  appearance  of  these  widgets. 


Method 

1 .  Open  TimeClient.dsw.  This  can  be  done  by  clicking  on  the  Shortcut  To  TimeClient.dsw  icon 
on  the  desktop.  Alternatively,  you  can  go  into  D:\PostBTKTimeClient  folder  and  clicking  on 
TimeClient.dsw. 

This  will  open  a  Microsoft  Visual  Studio  window. 

2.  In  Visual  Studio,  click  on  the  Resource  View  tab  in  the  left  hand  window. 

3.  A  “tree”  should  appear  in  the  left  hand  window.  This  “tree”  shows  the  directory  structure. 
The  root  folder  is  named  Time  Client  Resources.  The  folders  inside  Time  Client  Resources  are: 
Dialog 

Icon 

String  Table 
Version. 

Expand  the  Dialog  folder  by  clicking  on  it. 

4.  When  the  Dialog  folder  is  expanded,  there  will  be  a  large  number  of  entrie  These  all  begin 
with  “IDD_”.  Scroll  through  the  list  until  you  find  the  name  of  the  widget  you  wish  to  modify. 
The  names  of  the  variables  are  contained  in  the  “IDD_”  files,  so  you  can  identify  the  widget  you 
are  interested  in  easily. 

5.  Click  on  the  widget  you  wish  to  modify.  This  will  cause  the  widget  to  appear  in  the  right 
hand  window  of  Visual  Studio. 

6.  Move  the  cursor  to  the  widget  and  right  click.  This  will  cause  the  widget  to  be  “hooked”,  and 
a  pop  up  window  to  appear. 

7.  Click  on  the  Properties  option  in  the  pop  up  window.  Clicking  on  Properties  will  cause 
another  pop  up  window  to  appear.  This  new  pop  up  window  has  a  series  of  tabs  along  the  top. 
You  can  scroll  the  tabs  using  the  arrows  to  the  right  of  the  tabs. 
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8.  For  this  example,  we  are  going  to  set  the  scale  on  the  strip  chart  that  shows  time  history  data 
for  CPA1  AT.  We  are  going  to  set  the  display  limits  from  1 .84  to  73.26.  There  will  be  five 
bands  within  these  limits  shown  in  the  display.  These  bands  are: 

Low  Red  from  1 .84  to  1 7. 1 3 
Low  Yellow  from  17. 13  to  22.24 
Nominal  from  22.24  to  47,75 
Upper  Yellow  from  47.75  to  52.86 
Upper  Red  from  52.86  to  73.26 

9.  Click  on  the  Tracks  tab. 

10.  Enter  the  maximum  allowable  data  value  (73.26)  in  the  field  labeled  “Max”.  Enter  the 
minimum  allowable  data  value  in  the  “Min”  field 

9.  Enter  the  largest  value  to  be  displayed  in  the  field  labeled  “Display  Max”,  and  the  smallest 
value  to  be  displayed  in  the  field  labeled  “Display  Min”.  In  most  cases,  these  will  be  the  same  as 
the  values  in  the  “Max”  and  “Min”  fields.  In  no  case  can  the  value  in  “Display  Min”  be  smaller 
than  the  value  in  “Min”,  nor  can  the  value  in  “Display  Max”  be  greater  than  the  value  in  “Max”. 

10.  Click  on  the  Track  Bands  tab.  Set  the  value  in  the  ‘Track  Bands”  field  to  5,  assuming  that 
you  want  five  bands. 

1 1  Set  the  value  in  the  Track  Band  ID  field  to  0.  (Zero  is  the  lowest  band.  Band  numbers  begin 
with  zero  rather  than  1 .)  Enter  the  lower  boundary  of  tack  0  (1 .84)  into  the  “Track  Band  Start” 
field.  Then  enter  the  upper  boundary  (17.13)  into  the  “Track  Band  Stop”  field. 

12.  Click  on  the  color  button.  A  palette  of  colors  will  appear.  Select  the  desired  color  for  this 
band.  (In  our  example,  the  lowest  band  will  be  red.  Subsequent  bands  will  be  yellow,  green, 
yellow,  and  finally  red.) 

13.  Click  “OK”. 

14.  Enter  the  limits  and  set  the  color  of  the  other  bands.  This  is  done  by  repeating  steps  10  to  12 
for  each  band.  As  you  make  these  changes,  they  will  be  reflected  in  the  image  of  the  widget. 

15.  When  you  have  finished  configuring  the  widget,  click  on  the  “Close  window”  button.  This 
button  is  the  “x”  in  the  upper  right  hand  comer  of  the  window. 

16.  You  can  now  close  the  window  showing  the  widget  itself  by  clicking  on  the  “Close  window” 
button.  This  button  is  the  “x”  in  the  upper  right  hand  comer  of  the  window. 

17.  When  you  press  the  exclamation  point  (or  press  <ctrl-F5)  the  program  will  recompile.  When 
you  run  the  program  your  changes  should  take  effect.  This  action  saves  your  changes/ 
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1 8.  The  process  for  altering  other  widgets,  dial  gauges,  is  similar.  However,  the  details  of  some 
of  the  menus  differ. 
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Creation  of  Pass  Plan  Screens 


Abstract 

This  section  describes  the  creation  of  pass  plan  screens.  These  screens  are  created  in  Designer 
(Altia,  Colorado  Springs,  CO).  The  pass  plans  provide  the  controller  a  means  to  accomplish 
tasks  without  requiring  memorization  of  the  steps  that  need  to  be  performed  and  without 
requiring  reference  to  external  reference  materials. 

The  pass  plans  contain  a  series  of  pre-arranged  steps.  Performing  these  steps  accomplishes  one 
or  more  tasks  that  the  controller  is  attempting  to  complete.  In  order  to  accomplish  these  tasks, 
commands  may  be  up-linked  to  the  satellite  when  the  controller  executes  a  step  in  the  pass  plan. 
(Not  all  steps  up-link  commands.)  The  pass  plans  also  instruct  the  controller  to  assess  the  values 
of  measurands  of  interest  and,  often,  to  compare  the  observed  values  with  desired  values.  Based 
on  the  results  of  such  comparisons,  the  controller  makes  a  decision  regarding  subsequent  actions 
to  be  taken. 


Method 

In  the  pass  plans  developed  as  part  of  the  HSI,  the  values  of  measurands  of  interest  are  displayed 
in  lose  proximity  to  the  decision  cue  in  the  pass  plan  that  requires  that  value.  This  spares  the 

This  document  describes  how  to  make  Pass  Plans  with  the  Altia  Graphics  editor. 


Directory  Structure 

The  pass  plans  are  created  in  two  main  steps,  a  graphics  step  and  a  coding  step.  The  model  logic 
to  change  state  is  embedded  in  TimeClient.exe,  while  the  logic  to  animate  the  graphics  is 
embedded  in  Altiart.exe.  The  executable  Altiart.exe  needs  to  be  resident  in  the  D:\PostBTI\bin 
directory. 

The  Altia  design  files  (.dsn  extension)  are  located  in  D:\PostBTI\PassPlan\.  The  pass  plan 
specific  logic  for  each  pass  plan  is  also  located  here.  This  logic  is  used  to  bridge  the  gap 
between  TimeClient  activity,  and  the  expected  Altia  result. 

Three  ASCII  text  data  files  are  used  to  send  data  between  TimeClient  and  Altia.  With  respect  to 
the  pass  plan  logic,  TimeClientJWrite  is  a  read  only  file  which  contains  data  that  TimeClient  has 
written.  The  file  Timed ient_Binary  is  used  to  read  the  state  of  the  binary  variables  from 
TimeClient,  and  write  state  changes  as  a  result  of  operator  inputs.  The  file 
TimeCIientBinary_ Anomaly  is  used  to  read  the  state  of  the  anomalies  which  have  been  entered 
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by  the  experimenter  at  the  DataOps  console.  These  three  files  must  be  resident  in  the  same 
directory  as  the  TimeClient.exe. 


Building  a  New  Pass  Plan  with  Altia 


The  first  step  to  building  a  new  pass  plan  is  the  creation  of  the  graphical  interface  using  Altia. 

The  graphical  pass  plans  in  this  experiment  were  built  using  Altia  Design  Release  2.30,  so 
knowledge  of  Altia  will  be  necessary  to  create  new  pass  plans.  We  will  use  its  native 
terminology  to  during  the  following  steps.  To  learn  Altia,  we  recommend  taking  the  tutorials 
that  come  with  it. 

The  best  way  to  begin  a  new  pass  plan  is  to  start  with  an  old  one  since  this  experiment  already 
includes  several  pass  plans.  Choosing  one  that  is  similar  to  the  pass  plan  you  wish  to  create  will 
be  the  best  starting  point.  Try  finding  one  with  a  similar  number  of  pages  or  one  with  pages  of 
similar  complexity  to  your  new  pass  plan. 

Make  a  copy  of  the  old  Altia  pass  plan  files  (both  the  .dsn  and  .rtm  files)  that  you  have  chosen, 
and  name  them  as  your  new  pass  plan.  Then  open  the  new  .dsn  file  in  the  Altia  Graphics  Editor. 
You’ll  have  to  zoom  in  on  the  upper  left  comer  of  the  Main  Altia  View  at  a  magnification  of  16 
to  see  the  objects  in  these  files. 

These  are  the  basic  objects  that  you’ll  find  in  one  of  the  Altia  .dsn  files  provided  with  this 
experiment: 

Cursor.  The  cursor  is  the  arrow  icon  on  the  left  side  of  the  Main  Altia  View.  It  is  composed  of  3 
simple  shapes  that  have  been  grouped  together. 

Pages.  Each  page  is  a  group  of  smaller  objects.  Successive  pages  are  aligned  at  x/y  coordinates 
(0,  950),  (0, 900),  (0,  850),  etc.,  to  make  them  easy  to  view  using  the  Altia  API.  By  focusing  in 
on  a  page  group,  the  following  items  can  be  accessed: 

Endpoints.  These  are  the  arrows  at  the  top  and  bottom  of  each  page.  Like  the  cursor,  they  are 
groups  of  simple  shapes. 

Vertical  Line.  There  is  a  vertical  green  line  drawn  between  the  endpoints  on  each  page. 

Arrows.  Small  green  arrows  lie  along  the  vertical  line  to  indicate  the  direction  of  flow  through 
the  pass  plan. 

Dots.  The  color  changing  icons  that  lie  on  the  vertical  line  are  used  to  indicate  steps  in  the  pass 
plan.  Like  the  cursor  and  endpoints,  they  are  made  by  grouping  simple  shapes.  We  will  explain 
how  they  change  color  later  in  this  document. 

Static  Text.  This  is  all  the  text  that  never  changes.  It  is  sometimes  grouped  with  an  outline  or  a 
black  background. 

Dynamic  Text.  This  is  all  the  text  that  can  change. 
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Make  New  Pass  Plan  Steps 


The  first  thing  to  do  is  to  make  sure  there  is  a  color  changing  dot  for  each  step  in  the  new  pass 
plan.  Individual  page  groups  can  be  edited  by  focusing  in  on  them.  Then  the  individual  page 
elements  can  me  moved,  copied,  pasted,  or  deleted  to  create  a  new  page.  Each  dot  on  the  pass 
plan  should  be  accompanied  by  any  static  or  dynamic  text  that  it  needs. 


Changing  the  Cursor  Animation 


The  first  and  easiest  Altia  animation  to  change  is  the  cursor  animation.  In  all  the  existing  pass 
plans,  the  cursor  is  manipulated  by  an  animation  called  “cursor.”  Right-click  on  the  cursor  and 
press  the  Animate  button  to  display  the  Altia  Animation  Editor.  Click  on  the  “cursor”  animation 
to  select  it. 

You  will  need  to  delete  any  extra  states  or  states  that  you  want  to  change.  Cycle  the  state 
counter  in  the  Altia  Animation  Editor,  and  delete  any  such  states. 

To  define  a  new  state,  first  cycle  the  state  counter  to  the  state  you  want  to  define.  Next,  position 
the  cursor  beside  the  endpoint  or  color  changing  dot  appropriate  to  that  step  in  the  pass  plan. 
Finally,  click  the  Define  button  in  the  Altia  Animation  Editor.  Now  you  have  a  new  state  in  the 
cursor  animation. 


Changing  a  Dot’s  Color 


When  proceeding  from  one  step  to  the  next  in  a  pass  plan,  that  step’s  dot  changes  from  blue  to 
green.  The  only  trick  to  manipulating  this  color  is  being  able  to  select  the  appropriate  shape. 
Since  a  dot  is  actually  3  shapes  layered  on  top  of  one  another,  you  will  need  to  focus  in  on  a  dot 
and  select  the  circle  in  the  middle.  Look  at  the  Altia  Animation  Editor  now  and  you  will  see  that 
the  circle  you  selected  has  an  animation  called  “cursor.”  It  has  the  same  name  as  the  cursor’s 
animation  so  that  it  will  change  when  the  cursor  moves  through  the  appropriate  steps. 

The  “Low”  and  “High”  states  for  the  dot  should  be  0  and  some  other  integer,  respectively.  To 
alter  when  the  dot  changes  color,  first  cycle  the  state  until  you  come  to  the  high  state  for  the  dot. 
Delete  this  state.  Cycle  the  state  until  the  cursor  has  moved  just  below  the  dot.  If  color  changing 
circle  that  you  have  selected  isn’t  already  green,  set  it’s  color  to  green.  Then  click  the  Define 
button  to  set  this  state. 

What  you  should  have  now  is  two  states  defined  for  the  dot.  State  0  should  turn  the  dot  to  blue, 
and  this  new  state  should  turn  the  dot  to  green. 


Creating  Dynamic  Text  Boxes 
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It  is  easier  to  copy  and  paste  dynamic  text  boxes  to  and  from  existing  pass  plans,  but  this  is  how 
you  would  create  one  from  scratch.  Text  input  boxes  can  be  found  by  clicking  on  the  Models 
button  and  loading  “TEXTIO.DSN”  from  the  MODELSN  directory.  These  boxes  can  then  be 
copied  and  pasted  into  your  .dsn  file. 

Since  we  do  not  what  users  to  be  able  to  input  values  into  these  text  boxes,  wo  delete  all  the 
stimuli  that  can  affect  them.  To  do  this,  select  a  text  input  box,  and  click  on  the  Stimulate  button. 
This  will  show  a  list  of  all  the  stimuli  that  affect  the  text  box.  Delete  them  all. 

You  will  notice  two  types  of  dynamic  text  in  the  existing  pass  plans,  ones  with  light  blue 
backgrounds  and  ones  that  are  plain  black  text.  Since  these  text  input  boxes ^  nothing  more 
than  grouped  shapes,  you  can  focus  in  on  them  and  delete  the  light  blue  backgrounds  if  you  wish. 


Changing  D  .amic  Text 


There  are  two  ways  that  you  will  likely  need  to  change  dynamic  text  in  your  new  Altia  interface, 
either  automatically  with  Altia  or  from  the  controlling  program  using  the  Altia  API.  If  you  open 
the  Altia  Animation  Editor  and  select  one  of  your  dynamic  text  objects  you  can  see  a  long  list  of 
animations  that  affect  it.  The  ones  of  interest  to  us  are  the  “text”  and  “integer”  animations.  If 
you  are  starting  from  an  existing  pass  plan,  either  of  these  animations  may  have  already  been 
renamed  to  something  like  “text_3”  or  “EP1 ASB.” 

To  enable  a  “text”  animation  to  be  changed  using  the  Altia  API,  all  you  need  to  do  is  give  it  a 
descriptive  name,  such  as  “EP1  ASB.”  The  rest  of  the  work  is  done  with  the  code.  If  you  plan  to 
set  a  numeric  value  instead  of  text,  you  would  want  to  rename  the  “integer”  animation. 

The  text  messages  in  the  existing  pass  plans  that  change  from  “Ready  to  Load”  to  “Command 
Sent”  are  changed  automatically  by  Altia.  Your  first  instinct  might  be  to  change  the  text  and  set 
new  cursor  animation  states.  However,  Altia  doesn’t  allow  this.  Instead,  you  must  use  the  Altia 
Control  Editor. 

Select  an  automatically  changing  dynamic  text  object  and  click  the  Control  button.  This  will 
display  the  controls  associated  with  this  dynamic  text.  Notice  that  these  controls  reference  two 
cursor  states  just  like  a  color  changing  dot.  The  logic  is  basically  the  same  as  for  the  dots,  except 
that  we  have  to  use  the  Control  Editor  instead  of  the  Animation  Editor. 


Integrating  New  Pass  Plans  With  the  Code  Base 


In  order  to  integrate  new  pass  plans  with  the  existing  code  base,  several  steps  need  to  be 
performed.  All  steps  are  critical,  but  it  is  not  necessary  to  complete  them  in  any  particular  order. 
The  ordering  of  the  steps  in  this  document  is  a  suggestion  only. 

New  Voice  Command.  In  messagemap.cpp,  add  two  new  cases  to  the  statement,  by  copying  a 
block  of  code  from  a  previous  pass  plan  case  (such  as  v_PassPlanOneShow).  The  two  case 
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statements  should  reflect  the  display  and  removal  of  a  pass  plan.  At  this  time,  just  copy  the 
statements.  The  next  step  will  detail  required  changes  for  the  new  pass  plan.  It  will  be  necessary 
to  create  the  case  statement  variable  as  well  (v_PassPlanOneShow)  in  voicedefine.h  in  order  to 
compile. 

In  the  file  commands.h,  add  the  actual  voice  command  syntax  statement(s).  Rebuild  the 
TimeClient  executable  to  verify  that  there  are  no  new  compile  errors  as  a  result  of  the  changes. 

Link  TimeClient  to  the  Altia  Design  File.  In  messagemap.cpp,  go  to  the  newly  created  case 
statement.  In  the  “CreateProcess”  argument  list,  change  all  references  to  the  old  pass  plan  path 
name  to  the  new  path  name.  It  will  likely  be  necessary  to  create  any  new  folders  included  in  the 
path  name.  Copy  the  code  from  a  previous  pass  plan  to  the  new  pass  plan  folder  while  you  are 
creating  the  new  pass  plan  name. 

Create  a  new  pass  plan  state  variable  in  thin.h  (e.g.  PPlan2Status  >.  There  are  several 
modifications  to  TimeClientDlg  that  are  necessary.  Start  by  defining  ClosePassPlanTwo  in 
TimeClientDlg.h.  In  TimeClientDlf::DestroyWindow(),  add  the  Close_NewPassPlan()  at  the 
end  of  the  list  of  pass  plans  to  close.  In  TimeClient::Print_BinaryFile(int  n),  you  must  add  a  new 
case  or  develop  a  new  comprehensive  strategy  to  load  the  TimeClient_Binary  file,  which  is  used 
to  pass  data  to  the  Altia  run  time  executable.  Note  that  Print_BinaryFile  is  an  overloaded 
function  -  be  sure  to  modify  the  right  one.  Rebuild  the  TimeClient  executable  to  verify  that 
there  are  no  new  compile  errors  as  a  result  of  the  changes. 

At  this  point,  TimeClient  is  fully  linked  to  the  Altia  executable.  You  should  be  able  to  display  an 
Altia  design  file,  in  the  pathname  you  created  in  the  first  paragraph  in  this  section  (3.2)  of  this 
document.  The  next  few  steps  will  describe  how  to  animate  and  ‘kill’  the  Altia  process  that 
drives  the  animation  in  the  pass  plan. 

Altia  Animation  Logic.  Create  a  new  C++  ‘project’  in  the  pathname  you  created  in  2.2  (in  the 
CreateProcess  argument  list).  This  project  will  contain  the  code  that  interfaces  to  TimeClient 
and  the  Altia  design  file  that  represents  the  pass  plan.  Use  the  ‘console  app’  paradigm  when 
creating  the  project.  If  you  are  a  risk  taker,  you  could  also  copy  a  previous  pass  plan  project  and 
edit  the  project  files  (.dsp,  and  .dsw).  Be  aware  however,  that  Microsoft  frowns  on  this 
approach.  However,  even  if  you  create  a  new  .dsp  file,  it  would  be  wise  to  start  with  a  copy  of 
an  existing  PassPlan*.c  file  (where  *  is  some  integer).  All  of  what  you  need  to  know  about 
controlling  Altia  design  files  can  be  learned  by  studying  one  of  these  .c  files.  Compile  the  new 
project  at  this  time.  Proceed  to  the  next  step  if  no  compile  errors  raise  their  ugly  head. 

Using  ‘Show’  and  ‘Remove’  commands,  you  should  now  be  able  to  display  and  remove  from  the 
display,  the  new  Altia  based  pass  plan.  If  this  is  not  the  case,  it  is  senseless  to  continue  from  this 
point.  You  will  need  to  revisit  all  previous  steps  to  be  certain  that  every  thing  is  in  order. 

Mapping  TimeClient  Variables  to  Altia  Pass  Plan  Variables.  In  each  PassPlan*.c  file  you  will 
find  a  function  timerlsecQ.  This  function  contains  a  switch  statement  that  acts  on  the  value  of  a 
design  file’s  “cursor”  animation.  It  also  contains  a  series  of  “if’  statements  for  updated  the 
contents  of  some  dynamic  text  boxes  in  the  design  file. 
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The  first  step  is  to  get  all  the  current  information  about  a  running  pass  plan.  These  two  lines  of 
code  are  important  to  start  with. 

AtPoIIEvent((AtConnectId)data,  "cursor",  &cursor); 

BinaryFile_scan(); 

The  first  gets  the  current  state  of  the  cursor.  The  second  gets  the  current  values  of  the  variables 
that  we  are  displaying  and  manipulating  in  the  pass  plan. 

When  the  cursor  moves  from  one  step  to  the  next,  one  of  two  things  might  happen.  If  the  cursor 
moves  from  one  page  to  the  next,  the  AtMoveView()  function  is  called  to  move  to  a  new  page 
group  in  the  Main  Altia  View  like  this. 

AtMoveView((AtConnectId)data,  0, 0, 900); 

If  the  cursor  movement  is  intended  to  simulate  a  command  being  sent  to  the  satellite,  you  might 
set  the  value  one  of  the  state  variables  and  then  call  BinaryFile_Write()  to  send  the  change  back 
to  TimeClient. 

The  “if’  statements  are  used  to  update  dynamic  text  in  the  design  file.  In  section  2.5  we 
discussed  renaming  “text”  animations  to  something  more  descriptive,  such  as  a  state  variable 
name.  These  new  animation  names  can  now  be  accessed  using  AtSendText()  or  AtSendEvent() 
to  update  text  or  integers,  respectively.  The  commands  look  something  like  this. 

AtSendText((AtConnectId)data,  "EP1ASB",  "OFF"); 

AtSendEvent((AtConnectId)data,  "CPA  1  AT",  (int)(Value_CPA1  AT  +  0.5f)); 
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VII.  Using  The  Data  Collection  System 

The  Space  Operations  simulation  will  collect  all  of  the  variable  defined  in  the  file 
DataCollectionList.cpp,  subject  to  the  rules  of  the  C++  language  syntax.  As  of  this  writing,  a 
copy  of  DataCollectionList.cpp  is  shown  in  Appendix  A.  If  a  specific  variable  is  not  required  to 
be  in  the  list  of  collected  variables,  it  can  be  commented  out  in  DataCollectionList.cpp.  If  it  is 
commented  out,  after  the  TimeClient  executable  is  recompiled,  that  specific  variable  will  no 
longer  be  collected. 

Data  collection  needs  to  be  manually  turned  on  with  the  experimenters  interface  (SpaceOps.exe). 
Default  is  for  data  collection  to  be  off.  If  so  desired,  turn  data  collection  on,  select  a  data  rate. 
The  default  data  rate  is  1Hz.  Four  other  rates  are  selectable  by  the  operator,  .5Hz,  .2Hz,  4Hz, 
j  nd  10Hz.  The  only  restriction  on  the  amount  of  data  collected,  is  the  amount  of  disk  space 
remaining  on  the  ControlPoint  computer.  There  are  roughly  360  variables  in  the  default 
collection  list.  If  none  are  commented  out,  and  the  data  rate  is  set  to  the  fastest  rate,  the  data 
collection  code  will  collect  at  the  rate  of  51MB/hour. 
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VIII.  User  Modifications 


Screen  Layouts 

Previous  chapters  have  dealt  with  the  Altia  displays,  which  consist  of  pass  plans,  electrical  flow 
diagrams,  and  communication  system  flows.  This  chapter  deals  with  the  rest  of  the  desktop  real 
estate  which  is  used  by  the  Space  Operation  simulation. 

All  the  displays  which  are  not  Altia  derived,  were  created  using  the  MS  compiler.  To  modify  the 
displays,  the  compiler  is  required  as  well.  All  three  executables  used  with  the  Space  Operations 
simulation  (TimeClient.exe,  SpaceOps.exe,  and  TimeServer.exe)  are  using  desk  top  real  estate, 
and  have  displays  that  can  be  changed.  If  the  user  should  so  desire  it,  the  following  procedure  ’ 
will  help. 

To  change  the  experimenter  station  desktop  display,  activate  the  MS  VC++  compiler  by  double 
clicking  on  the  SpaceOps.dsw  icon.  This  will  activate  the  MS  compiler,  and  load  the  source 
code.  In  the  middle  left  of  the  view,  there  three  or  four  ‘view’  tabs  that  can  be  used  to  select  the 
class  view,  resource  view,  or  file  view.  If  not  already  selected,  select  the  resource  view  by 
clicking  with  the  mouse.  Expand  the  SpaceOps  resource  folder,  and  expand  the  dialog  folder 
that  shows  up.  The  desktop  displays  are  shown  as  files  in  the  expansion.  Double  clicking  on  a 
file  will  cause  the  resource  to  show  up  in  the  editing  window.  To  change  the  look  and  feel  of  the 
desktop  displays,  use  the  mouse  to  select  and  manipulate  the  display. 


Adding  Additional  Voice  Commands 

To  add  additional  commands  to  the  system,  you  need  to  modify  the  header  file  ‘commands.h’. 
The  syntax  is  complicated,  so  it  is  recommended  that  if  you  want  to  add  a  string  to  be 
recognized,  it  is  best  to  copy  an  existing  phrase,  and  change  the  text  inside  the  quotes.  The  first 
argument  to  the  m_VMenu.Add  Dragon  API,  is  a  constant  that  is  unique  to  the  phrase  being 
recognized.  It  needs  to  be  created  and  added  to  ‘voicedefme.h.  Change  the  text  (inside  the 
double  quotes  in  the  second  argument)  to  the  required  phrase.  Having  done  made  these  changes, 
it  is  also  necessary  to  add  an  additional  case  statement  in  messagemap.cpp.  This  is  best  done  by 
copying  anexisting  case,  and  making  the  relevant  changes.  After  the  changes  are  made,  it  will  be 
necessary  to  compile  and  link  the  TimeClient  executable. 
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Appendix  A.  Data  Collection  Variable  List 


As  of  delivery  date,  the  list  of  variables  being  collected  is  shown  below.  This  list  is  part  of  the 
source  code  delivery  of  the  simulation.  It  is  identical  to  the  file  DataCollectionList.cpp. 


//  FILE:  DataCollectionList.cpp 
//  Created:  03  Dec  01 
//  Updated:  04  Dec  01 
//  Converted  to  C++:  12/18/01 
// 

//  This  file  is  used  to  add  or  subtract  to  the  list  of  variables 
//  being  collected.  Any  text  added  to  this  file  is  subject  to 
//  the  syntax  rules  of  the  'C'  computer  language.  Changes  need 
//  to  be  compiled  ,  before  they  will  take  effect. 

// 

//  All  of  the  variables  in  this  list  will  be  collected  except 
//  those  that  are  "commented"  out.  In  order  to  remove  a  variable 
//  from  data  collection  simply  "comment  out"  the  line  of 
//  Code  containing  the  unwanted  variable(s).  Use  a  '//'  (double 
//  slash)  to  comment  out  any  variable. 

// 

yy **************************************************** 
//  **  Data  Collection  for  Satellite  Control  Test  bed  ** 

yy********* **************************** *************** 


fprintf(dataFile,"%d,",dcMode); 

fprintf(dataFile,"%d,",dcEventCount); 

fprintf(dataFile,"%d,",dcAnomalyFlag); 

fprintf(dataFile,"%d,",dcAnomalyType); 

fprintf(dataFile,"%s,",dcPseudoTime); 

fprintf(dataFile,"%s,",dcGmt); 

fprintf(dataFile,"%d,",dcTime); 

fprintf(dataFile,"%d,",dcExpTicks); 

fprintf(dataFile,”%d,",dcCount); 


//  start/stop/pause/resume 
//  operator  entered 
//  operator  entered 
//  operator  entered 

//  experiment  time 
//  Greenwhich  Mean  Time 
//  wall  time  in  integer  format 
// 100  ms  ticks  past  start 
//  simulation  loop  count 


jj  4;***^*^*******  ***********************************  *************** 

//  **  Data  from  the  "thin  simulation"  of  the  satellite"  ** 

U  **  ** 

//  **  variable  names,  values  and  ranges  were  provided  to  MTI  by  CERES.  ** 
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//  **  The  satellite  simulated  is  a  DSCS  bird.  ** 

U  **  ** 

H  **  The  variables  are  grouped  by  subsystem.  Within  each  subsystem  the  ** 

//  **  variables  are  listed  in  groups  of  five  to  improve  legibility.  ** 


//  **********************************************************************.,.*** 
II 

II- - 

// 

//  **  CONTINUOUS  SATELLITE  VARIABLES  -  RAW  VALUES  ** 

// 

//. - 

// 

// 

//  Link  2  Communications  Subsystem  -  Continuous  Variables  -  Raw  Values 
// 

fprintf(dataFile,"%3.5f,",Value_C_plus_150V); 
fprintf(dataFile,"%3.5f,",Value_C2A_plus_]  V); 
fprintf(dataFile,"%3.5f,’\Value_C2A_minus_]V); 
fprintf(dataFile,"%3.5f,",Value_C2A28V); 
fprintf(dataFile,"%3.5f,",Value_C2B_p]us_lV); 
fprintf(dataFile,"%3.5f,",Value_C2B_minus_l  V); 
fprintf(dataFile,"%3.5f,",Value_C2B28V); 
fprintf(dataFile,"%3.5f,",Value_CC_plus_50V); 
fprintf(dataFile,"%3.5f,",Value_CC_plus_60V); 
fprintf(dataFile,"%3.5f,",Value_CC_minus_23V); 
fprintf(dataFile,"%3.5f,",Value_CC_minus_60V); 
fprintf(dataFiIe,"%3.5f,",Value_CCINIT); 
fprintf(dataFile,"%3.5f,",Value_CCSlCV); 
fprintf(dataFiIe,"%3.5f,",Value_CCS2CV); 
fprintf(dataFile,"%3.5f,",Value_CCS3CV); 

// 

//  Link  1  Communications  Subsystem  -  Continuous  Variables  -  Raw  Values 
// 

fprintf(dataFile,"%3.5f,"5Value_CCTlAV);  //CCT1AV 

fprintf(dataFile,"%3.5f,",Value_CCTlAW);  //CCT1AW 

fprintf(dataFile,"%3.5f,",Value_CCTIBV);  //CCT1BV 

fprintf(dataFile,''%3.5f,",VaIue_CCTlBW);  //CCT1BW 

fprintf(dataFile,"%3.5f,",Value_CECA5V);  //CECA5V 

fprintf(dataFile,"%3.5f,",Value_CECB5V);  //CECB5V 

fprintf(dataFile,"%3.5f,",Value_CPAl  AT);  //CPA1  AT 

fprintf(dataFile,"%3.5f,",Value_CPA!AV);  //CPA1 AV 


//C+150V 

//C2A+1V 

//C2A-1V 

//C2A28V 

//C2B+1V 

//C2B-1V 

//C2B28V 

//CC+150V 

//CC+60V 

//CC-23V 

//CC-60V 

//CCINIT 

//CCS1CV 

//CCS2CV 

//CCS3CV 
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fprintf(dataFile,"%3.5f,",Value_CPA  1  AW); 
fprintf(dataFile,"%3.5f,",Value_CPA  I BT); 


//CPA  1  AW 
//CPA1BT 


// 


// 


fprintf(dataFile,"%3.5f, 
fprintf(dataFile,"%3.5f, 
fprintf(dataFi!e,"%3.5f. 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFiIe,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFi1e,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFiIe,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f 
fprintf(dataFile,"%3.5f, 


// 


// 


',Value_CPA  1 BV); 

//CPA1BV 

’,Value_CPA1BW); 

//CPA1BW 

',V  alue_CT  1  AMT); 

//Cl  1  AMT 

’,Value_CTlBMT); 

//CT1BMT 

-  Continuous  Variables  -  Raw  Values 

,Value_GGPRES);  . 

//GGPRES 

,Value_LVLSEL); 

//LVLSEL 

,Value_P_plus_XFBT); 

//P+XFBT 

,Value_P_plus_XPTP); 

//P+XPTP 

,Value_P_plus_XTOT); 

//P+XTOT 

,Value_P_pIus_XVBT); 

//P+XVBT 

,Value_PFDIVT); 

//PFDIVT 

,Value_PGGFPT); 

//PGGFPT 

,Value_PHLT_plus_T); 

//PHLT+T 

,Value_PHLT_minus_T); 

II PHLT-T 

,Value_PHT_plus_HT); 

//PHT+HT 

,Value_PHT_minus_HT); 

//PHT-HT 

,Value_PPLNlP); 

//PPLN1P 

,Value_PPLN2P); 

//PPLN2P 

,Value_PVT_plus_HT); 

//PVT+HT 

,Value_PVT_minus_HT); 

//PVT-HT 

,Value_PVVT_plus_T); 

//PVVT+T 

,Value_PVVT_minus_T); 

//PVVT-T 

,Value_P_minus_XCLT); 

//P-XCLT 

,Value_P_minus_XFBT); 

//P-XFBT 

,Value_P_minus_XPTP); 

//P-XPTP 

,Value_P_minus_XTIT); 

//P-XTIT 

,Value_P_minus_XTOT); 

//P-XTOT 

,Value_P_minus_XVBT); 

//P-XVBT 

/stem  -  Continuous  Variables 

-  Raw  Values 

,Va!ue_ECUSBI); 

//ECUSBI 

,Value_ECUSBV); 

//ECUSBV 

,Value_EEDl  AV); 

//EED1AV 

,Value_EEDlBV); 

//EED1BV 
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fprintf(dataFile,"%3.5f,",Va]ue_EED5AV); 

fprintf(dataFile,"%3.5f,",Va]ue_EED5BV); 

fprintf(dataFile,"%3.5f,"»Value_EPBA  1 T); 

fprintf(dataFile, "  %3 ,5f, ", V  alue_EPB  A2T); 

fprintf(dataFiIe,"%3.5f,",Value_EPBB  1 T); 

fprintf(dataFile,"%3.5f,",Value_EPBB2T); 

fprintf(dataFile,"%3.5f,",Va]ue_EPBC1T); 

fprintf(dataFile,"%3.5f,”,Value_EPBC2T); 

fprintf(dataFile,"%3.5f,",Value_EPBSAI); 

fprintf(dataFile,"%3.5f,",Value_EPLP2T); 

fprintf(dataFile,"%3.5f,”,Value_EPSBAl); 

fprintf(dataFi]e,"%3.5f,’’, Value  JEPSBAV); 

fprintf(dataFiIe,"%3.5f,",Value_EPSBBI); 

fprintf(dataFiIe,"%3.5f,",Value_EPSBBV); 

fprintf(dataFile,"%3,5f,"5Value_EPSBCI); 

fprintf(dataFile,"%3.5f,",Value_EPSBCV); 

fprintf(dataFile,"%3.5f,",Value_EPSDBV); 

fprintf(dataFile,"%3.5f,",Value_EPSEBT); 

fprintf(dataFiIe,"%3.5f,",Value_EPSEDT); 

fprintf(dataFile,"%3.5f,",Value_EPSEET); 

fprintf(dataFile,"%3.5f,",Value_EPSLBI); 

fprintf(dataFile,"%3.5f,",Value_EPSPBV); 

fprintf(dataFile,"%3.5f,",Value_EPUC1T); 

fprintf(dataFile,"%3.5f,",Va]ue_EPUC2T); 

fprintf(dataFi]e,"%3.5f,",Va1ue_EPUN  1 T); 

fprintf(dataFile,"%3.5f,",Value_ESCLBI); 

fprintf(dataFile,"%3.5f,",Value_ESP3 1 T); 

fprintf(dataFi]e,"%3.5f,",Value_ESP32T); 

fprintf(dataFile,"%3.5f,",Value_SLOART); 

fprintf(dataFile,"%3.5f,",Value_SPXCPT); 


//EED5AV 

//EED5BV 

//EPBA1T 

//EPBA2T 

//EPPB1T 

//EPBB2T 

//EPBC1T 

//EPBC2T 

//EPBSAI 

//EPLP2T 

//EPSBAI 

//EPSBAV 

//EPSBBI 

//EPSBBV 

//EPSBCI 

//EPSBCV 

//EPSDBV 

//EPSEBT 

//EPSEDT 

//EPSEET 

//EPSLBI 

//EPSPBV 

//EPUC1T 

//EPUC2T 

//EPUN1T 

//ESCLBI 

//ESP31T 

//ESP32T 

//SLOART 

//SPXCPT 


// 

//. - 

// 

//  **  CONTINUOUS  SATELLITE  VARIABLES  -  NORMALIZED  VALUES  ** 
// 

//. - 

// 


// 

//  Link  2  Communications  Subsystem  -  Continuous  Variables  -  Normalized  Values 
// 

fprintf(dataFile,"%3.5f,",Norm_C_plus_l  50V);  //C+l  50V 

fprintf(dataFile,"%3.5f,",Norm_C2A_plus_l  V);  //C2A+1 V 

fprintf(dataFile,"%3.5f,",Norm_C2A_minus_lV);  //C2A-1V 
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fprintf(dataFile,"%3.5f,",Norm_C2A28V);  //C2A28V 

fprintf(dataFile,"%3.5f,",Norm_C2B_plus_rV);  //C2B+1 V 

fprintf(dataFile,"%3.5f,",Norm_C2B_minus_  1 V);  //C2B- 1 V 

fprintf(dataFile,"%3.5f,",Norm_C2B28V);  //C2B28V 

fprintf(dataFile,"%3.5f,",Norm_CC_plus_50V);  //CC+1 50V 

fprintf(dataFile,"%3.5f,",Norm_CC_plus_60V);  //CC+60V 

fprintf(dataFile,"%3.5f,",Norm_CC_minus_23V);  //CC-23V 

fprintf(dataFile,"%3.5f,",Norm_CC_minus_60V);  //CC-60V 

fprintf(dataFile,"%3.5f,",Norm_CCINrr);  //CCINIT 

fprintf(dataFile,"%3.5f,",Norm_CCSlCV);  //CCS1CV 

fprintf(dataFile,"%3.5f,",Norm_CCS2CV);  //CCS2CV 

fprintf(dataFile,"%3.5f,",Norm_CCS3CV);  //CCS3CV 


// 

//Link  1  Communications  Subsystem  -  Continuous  Variables  -  Normalized  Values 
// 


fprintf(dataFile,"%3.5f,",Norm_CCTlAV); 

fprintf(dataFile,"%3.5f,",Norm_CCTl  AW); 

fprintf(dataFile,"%3.5f,",Norm_CCTlBV); 

fprintf(dataFile)"%3.5f,",Norm_CCTlBW); 

fprintf(dataFile,"%3.5f,",Norm_CECA5V); 

fprintf(dataFile,"%3.5f,",Norm_CECB5V); 

fprintf(dataFile,"%3.5f,",Norm_CPAlAT); 

fprintf(dataFile,"%3.5f,",Norm_CPA  1 AV); 

fprintf(dataFile,"%3.5f,",Norm_CPAlAW); 

fprintf(dataFile,  "%3.5f,",Norm_CPA  1 BT); 

fprintf(dataFile,"%3.5f>",Norm_CPA  1 BV); 

fprintf(dataFile,"%3.5f,",Norm_CPAlBW); 

fprintf(dataFile,"%3.5f,",Norm_CTlAMT); 

fprintf(dataFile,"%3.5f,",Norm_CTlBMT); 


//CCT1AV 
//CCT1AW 
//CCT1BV 
//CCT1BW 
//CECA5V 
//CECB5V 
//CPA  1  AT 
//CPA  1 A  V 
//CPA  1  AW 
//CPA  1  BT 
//CPA  1 B  V 
//CPA  1 BW 
//CT1AMT 
//CT1BMT 


// 

//  Propulsion  Subsystem  -  Continuous  Variables  -  Raw  Values 
// 


fprintf(dataFile,"%3.5f,",Norm_GGPRES);  //GGPRES 

fprintf(dataFile,"%3.5f,",Norm_LVLSEL);  //LVLSEL 

fprintf(dataFile,”%3.5f,",Norm_P_plus_XFBT);  //P+XFBT 

fprintf(dataFile,"%3.5f,",Norm_P_plus_XPTP);  //P+XPTP 

fprintf(dataFile,"%3.5f,",Norm_P_plus_XTOT);  //P+XTOT 

fprintf(dataFile,"%3.5f,",Norm_P_plus_XVBT);  //P+XVBT 

fprintf(dataFile,"%3.5f,",Norm_PFDIVT);  //PFDIVT 

fprintf(dataFile,"%3.5f,”,Norm_PGGFPT);  //PGGFPT 

fprintf(dataFile,"%3.5f,",Norm_PHLT_plus_T);  //PHLT+T 

fprintf(dataFile,"%3.5f,",Norm_PHLT_minus_T);  //PHLT-T 
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fprintf(dataFile,"%3.5f,",Norm_PHT_p]us_HT);  //PHT+HT 

fpri  ntf(dataFile,  "%3.5f,"  ,Norm_PHT_mi  nus_HT) ;  //PHT-HT 

fprintf(dataFile,"%3.5f,"!Norm_PPLN  1 P);  //PPLN 1 P 

fprintf(dataFile, "  %3 ,5f,  ",Norm  JPPLN2P);  //PPLN2P 

fprintf(dataFi]e,"%3.5f,",Norm_PVT_p]us_HT);  //PVT+HT 

fprintf(dataFile,"%3.5f,",Norm_PVT_minus_HT);  //PVT-HT 

fprintf(dataFile,"%3.5f,",Norm_PVVT_plus_T);  //PVVT+T 

fprintf(dataFile,"%3.5f,",Norm_PVVT_minus_T);  //PVVT-T 

fprintf(dataFile,"%3.5f)",Norm_P_minus_XCLT);  //P-XCLT 

fprintf(dataFile,"%3.5f,",Norm_P_minus_XFBT);  //P-XFBT 

fprintf(dataFile,"%3.5f,",Norm_P_minus_XPTP);  //P-XPTP 

fprintf(dataFile,"%3.5f,",Norm_P_minus_XTIT);  //P-XTIT 

fprintf(dataFile,"%3.5f,",Nonn_P_minus_XTOT);  //P-XTOT 

fprintf(dataFile,"%3.5f,",Norm_P_minus_XVBT);  //P-XVBT 

// 

//  Electrical  Power  Subsystem  -  Continuous  Variables  -  Normalized  Values 
if 


fprintf(dataFile,"%3.5f,",Norm_ECUSBI); 

fprintf(dataFile,"%3.5f,",Norm_ECUSBV); 

fpri  n  tf(d  ataFile , "  %  3 . 5f , "  ,N  orm_EED  1 A  V) ; 

fprintf(dataFile,"%3.5f,",Norm_EEDlBV); 

fprintf(dataFile,"%3.5f,",Norm_EED5AV); 

fprintf(dataFile,"%3.5f,",Norm_EED5BV); 

fprintf(dataFile,"%3.5f,",Norm_EPBAlT); 

fprintf(dataFile,"%3.5f,,'!Norm_EPBA2T); 

fprintf(dataFile,"%3.5f,"5Nonn_EPBB  1 T); 

fprintf(dataFiIe,"%3.5f,",Norm_EPBB2T); 

fprintf(dataFile,"%3 .5f,",Nomi_EPBC  1 T); 

fprintf(dataFile,"%3.5f,",Norm_EPBC2T); 

fprintf(dataFile,"%3.5f,",Norm_EPBSAI); 

fprintf(dataFile,"%3.5f,",Norm_EPLP2T); 

fprintf(dataFile,  "%3 .5f, "  ,Norm_EPSB  AI); 

fprintf(dataFile,"%3.5f,",Norm_EPSBAV); 

fprintf(dataFile,"%3.5f,",Norm_EPSBBI); 

fprintf(dataFile,"%3.5f,",Nonn_EPSBBV); 

fprintf(dataFile,"%3.5f,M,Norm_EPSBCI); 

fprintf(dataFile,"%3.5f,",Norm_EPSBCV); 

fprintf(dataFile,"%3.5f,",Norm_EPSDBV); 

fprintf(dataFile,"%3.5f,",Norm_EPSEBT); 

fprintf(dataFile,"%3.5f,",Norm_EPSEDT); 

fprintf(dataFile,"%3.5f,",Norm_EPSEET); 

fprintf(dataFile,"%3.5f,",Norm_EPSLBI); 

fprintf(dataFile,"%3.5f,",Norm_EPSPBV); 

fprintf(dataFile,"%3.5f,",Norm_EPUClT); 


//ECUSBI 

//ECUSBV 

//EED1AV 

//EED1BV 

//EED5AV 

//EED5BV 

//EPBA1T 

//EPBA2T 

//EPPB1T 

//EPBB2T 

//EPBCIT 

//EPBC2T 

//EPBSAI 

//EPLP2T 

//EPSBAI 

//EPSBAV 

//EPSBBI 

//EPSBBV 

//EPSBCI 

//EPSBCV 

//EPSDBV 

//EPSEBT 

//EPSEDT 

//EPSEET 

//EPSLBI 

//EPSPBV 

//EPUC1T 
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fprintf(dataFile,"%3.5f,",Norm_EPUC2T);  //EPUC2T 

fprintf(dataFile,"%3.5f,",Norm_EPUN  1 T);  //EPUN 1 T 

fprintf(dataFile,’,%3.5f,",Norm_ESCLBI);  //ESCLBI 

fprintf(dataFile,"%3 .5f,",Norm_ESP3 1 T);  //ESP3 1 T 

fprintf(dataFile,"%3.5f,",Norm_ESP32T);  //ESP32T 

fprintf(dataFile,"%3.5f,",Norm_SLOART);  //SLOART 

fprintf(dataFile,"%3.5f,",Norm_SPXCPT);  //SPXCPT 


// 

//- - 

// 

//  **  FLAGS  ON  CONTINUOUS  SATELLITE  VARIABLES  ** 
// 

// - 

// 


//  Link  2  Communications  Subsystem  -  FLAGS 

fprintf(dataFile,"%d,",F]ag_C_p]us_150V); 

fprintf(dataFile,"%d,",Flag_C2A_plus_lV); 

fprintf(dataFile,"%d,",Flag_C2A_minus_lV); 

fprintf(dataFile,"%d,",Flag_C2A28V); 

fprintf(dataFile,"%d,",Flag_C2B_plus_lV); 

fprintf(dataFile,"%d,",Flag_C2B_minus_lV); 

fprintf(dataFile,"%d,",Flag_C2B28V); 

fprintf(dataFile,"%3.3At",Flag_CC_plus_50V); 

fprintf(dataFile,"%3.3At",F]ag_CC_plus_60V); 

fprintf(dataFile,"%3.3At",Flag_CC_minus_23V); 

fprintf(dataFile,"%d,",Flag_CC_minus_60V); 

fprintf(dataFile,"%d,",Flag_CCINIT); 

fprintf(dataFile,"%d,",Flag_CCS  1 CV); 

fprintf(dataFile,"%d,",Flag_CCS2CV); 

fprintf(dataFile,"%d,",Flag_CCS3CV); 

// 

//  Link  1  Communications  Subsystem  -  PTAGS 
// 


//C+150V 

//C2A+1 V 

//C2A-1V 

//C2A28V 

//C2B+1V 

//C2B-1V 

//C2B28V 

//CC+50V 

//CC+60V 

//CC-23V 

//CC-60V 

//CCINIT 

//CCS1CV 

//CCS2CV 

//CCS3CV 


fprintf(dataFile,"%d,",Flag_CCTlAV); 
fprintf(dataFile,"%d,",Flag_CCTl  AW); 
fprintf(dataFi]e,"%d,",Flag_CCTlBV); 
fprintf(dataFile,"%d>",Flag_CCTlBW); 
fprintf(dataFile,"%d,",Flag_CECA5V); 
fprintf(dataFi  le, "  %d,",Fl  ag_CECB5  V); 
fprintf(dataFile,"%d,",Flag_CPAl  AT); 
fprintf(dataFi  le, "  %d ,  ",F1  ag_CP  A 1 A  V ) ; 
fpri  ntf(dataFi  le, "  %d , "  ,F1  ag_CP  A 1  AW) ; 


//CCT1AV 
//CCT1AW 
//CCT1BV 
//CCT1BW 
//CECA5V 
//CECB5V 
//CPA  1  AT 
//CPA  1 A  V 
//CPA  1  AW 
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fprintf(dataFiIe,"%d,",FIag_CPAlBT);  //CPA1BT 

fprintf(dataFile,"%d!",FIag_CPA  1 B  V);  //CPA1BV 

fprintf(dataFile,"%d,",F]ag_CPAlBW);  //CPA1BW 

fprintf(dataFile,"%d,",Flag_CTl  AMT);  //CT1  AMT 

fprintf(dataFile,"%d,",Flag_CTlBMT);  //CT1BMT 


// 

//  Propulsion  Subsystem  -  FLAGS 

// 


fprintf(dataFile,"%d,",Flag_GGPRES); 

fprintf(dataFile,"%d,",F]ag_LVLSEL); 

fprintf(dataFile,"%d,",Flag_P_plus_XFBT); 

fprintf(dataFile,"%d,",Flag_P_plus_XPTP); 

fprintf(dataFile,"%d,",FIag_P_plus_XTOT); 

fprintf(dataFile,"%d5",Flag_P_plus_XVBT); 

fprintf(dataFile,"%d,",Flag_PFDIVT); 

fprintf(dataFiIe,"%d,",Flag_PGGFPT); 

fprintf(dataFile,"%d,",FIag_PHLT_plus_T); 

fprintf(dataFile,"%dJ",Flag_PHLT_minus_T); 

fprintf(dataFi]e,"%d,",Flag_PHT_plus_HT); 

fprintf(dataFile,"%d,",Flag_PHT_minus_HT); 

fprintf(dataFile,"%d,",Flag_PPLN  1 P); 

fprintf(dataFile,"%d,",Flag_PPLN2P); 

fprintf(dataFile,"%d,",Flag_PVT_plus_HT); 

fprintf(dataFile,"%d,",Flag_PVT_minus_HT); 

fprintf(dataFile,"%d,",FlagJ.PVVT_plus_T); 

fprintf(dataFile,"%d,",Flag_PVVT_minus_T); 

fprintf(dataFile,"%d,",Flag_P_minus_XCLT); 

fprintf(dataFile,"%d,",Flag_P_minus_XFBT); 

fprintf(dataFile,"%d,",Flag_P_minus_XPTP); 

fprintf(dataFi]e,"%d!",Flag_P_minus_XTIT); 

fprintf(dataFile,"%d,",Flag_P_minus_XTOT); 

fprintf(dataFiIe,"%d,",Flag_P_minus_XVBT); 

// 

//  Electrical  Power  Subsystem  -  FLAGS 

// 

fprintf(dataFile,"%d,",Flag_ECUSBI); 
fprintf(dataFile,"%d,",Flag_ECUSBV); 
fprintf(dataFile,"%d,",Flag_EEDlAV); 
fprintf(dataFile,"%d,",Flag_EEDIBV); 
fprintf(dataFile, "  %d,",Flag_EED5  A  V); 
fprintf(dataFile,"%d,",Flag_EED5BV); 
fprintf(dataFile,"%d,",Flag_EPBA  1 T); 
fprintf(dataFile,"%d,",Flag_EPBA2T); 


//GGPRES 

//LVLSEL 

//P+XFBT 

//P+XPTP 

//P+XTOT 

//P+XVBT 

//PFDVIT 

//PGGFPT 

//PHLT+T 

//PHLT-T 

//PHT+HT 

//PHT-HT 

//PPLN1P 

//PPLN2P 

//PVT+HT 

//PVT-HT 

//PVVT+T 

//PVVT-T 

//P-XCLT 

//P-XFBT 

//P-XPTP 

//P-XTIT 

//P-XTOT 

//P-XVBT 


//ECUSBI 

//ECUSBV 

//EED1AV 

//EED1BV 

//EED5AV 

//EED5BV 

//EPBA1T 

//EPBA2T 
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fprintf(dataFile,"%d,",Flag_EPBBlT); 

//EPBB1T 

fprintf(dataFile,"%d,",Flag_EPBB2T); 

//EPBB2T 

fprintf(dataFile,"%d,",Flag_EPBC  1 T); 

//EPBC1T 

fprintf(dataFile,"%d,",Flag_EPBC2T); 

//EPBC2T 

fprintf(dataFile,”%d,",Flag_EPBSAI); 

//EPBSAI 

fprintf(dataFile,"%d,",Flag_EPLP2T); 

//EPLP2T 

fprintf(dataFile,"%d,",F]ag_EPSBAI); 

//EPSBAI 

fprintf(dataFile,”%d,",Flag_EPSBAV); 

//EPSBAV 

fprintf(dataFile,"%d,",F]ag_EPSBBI); 

//EPSBBI 

fprintf(dataFile,"%d,",Flag_EPSBBV); 

//EPSBBV 

fpri  ntf(d  ataFi  1  e, "  %d , "  ,F1  ag_EPSBCI ) ; 

//EPSBCI 

fprintf(dataFile,"%d,",Flag_EPSBCV); 

//EPSBCV 

fprintf(dataFile,"%d,",Flag_EPSDBV); 

//EPSDBV 

fprintf(dataFile,"%d,",Flag_EPSEBT); 

//EPSEBT 

fprintf(dataFiIe,"%d,",Flag_EPSEDT); 

//EPSEDT 

fprintf(dataFile,"%d,",Flag_EPSEET); 

//EPSEET 

fprintf(dataFi!e,"%d,",Flag_EPSLBI); 

//EPSLBI 

fprintf(dataFile,"%d,",F]ag_EPSPBV); 

//EPSPBV 

fprintf(dataFile,"%d,",F]ag_EPUC1T); 

//EPUC1T 

fprintf(dataFile,"%d,",Flag_EPUC2T); 

//EPUC2T 

fprintf(dataFiIe,"%d,",Flag_EPUNlT); 

//EPUN1T 

fprintf(dataFile,"%d,’',Flag_ESCLBI); 

//ESCLBI 

fprintf(dataFile,"%d,",Flag_ESP3 1 T); 

//EPS31T 

fprintf(dataFile,"%d,’',Flag_ESP32T); 

//EPS32T 

fprintf(dataFiIe,"%d,",Flag_SLOART); 

//SLOART 

fprintf(dataFile,"%d,",F]ag_SPXCPT); 

// 

//. - — - 

// 

//  **  DISCRETES  ** 

// 

//SPXCPT 

// 

//  Link  2  Communications  Subsystem  -  Discretes 

fprintf(dataFile,"%d,",State_C2ASPB); 

//C2ASPB 

fprintf(dataFiie,"%d,",State_EDABRB); 

//EDABRB 

fprintf(dataFile,"%d,",State_EDBBRB); 

//EDBBRB 

fprintf(dataFile,"%d,",State_EDTUBB); 

//EDTUBB 

fprintf(dataFile,"%d,",State_EDTUAB); 

//EDTUAB 

fprintf(dataFile,"%d,",State_EDTUDB); 

//EDTUDB 

fprintf(dataFile,"%d,",State_EKG2AB); 

//EKG2AB 

fprintf(dataFile,"%d,",State_EKG2BB); 

//EKG2BB 

fprintf(dataFile,"%d,",State_ERBUDB); 

//ERBUDB 
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fpri  n  tf(  d  ataFi  le , "  %d, " ,  State_ET2  A  AB) ; 
fprintf(dataFile,"%d,",State_ET2AEB); 
fprintf(dataFile,"%d,",State_ET2AOB); 
fprintf(dataFile,"%d!",State_ET2BAB); 
fprintf(dataFile,"%d,”,State_ET2BEB); 
fprintf(dataFile,"%d,",State_ET2BOB); 

// 

//Link  1  Communications  Subsystem  -  Discretes 
// 

fprintf(dataFile,"%d,",State_CDCAMB); 

fprintf(dataFi]e,"%d,”,State_CDCBMB); 

fprintf(dataFi]e,"%d,",State_CSW  1 PB); 

fprintf(dataFile,"%d,",State_CSW2PB); 

fprintf(dataFile,"%d,",State_CSW3PB); 

fprintf(dataFile,"%d,",State_CSW4PB); 

fprintf(dataFile,"%d,",State_CSW5PB); 

fprintf(dataFile,"%d,",State_ElASOB); 

fprintf(dataFile,"%d,",State_E1BSOB); 

fprintf(dataFile,"%d,",State_EDClAB); 

fprintf(dataFile,"%d,",State_EDECAB); 

fprintf(dataFile,"%d,”,State_EDECBB); 

fprintf(dataFile,  "%d,",State_EKGl  AB); 

fprintf(dataFile,"%d^State_EKGlBB); 

fprintf(dataFile,"%d,",State_EPl  AHB); 

fpri  ntf(dataFi  le, "  %d ,  ",State_EP  1 ASB); 

fprintf(dataFile,"%d,",State_EPlBSB); 

fprintf(dataFile,"%d,",State_EPlBHB); 

fprintf(dataFile,"%d,",State_ETlAAB); 

fprintf(dataFi  le,  "%d,  ",State_ET  1 AEB); 

fprintf(dataFile,  "%d,",State_ET  1 AOB); 

fprintf(dataFile,"%d,",State_ETlBOB); 

fprintf(dataFile,"%d,",State_ETlBAB); 

fprintf(dataFile,"%d,",State_ETlBEB); 

// 

//  Propulsion  Subsystem  -  Discretes 
// 


//ET2AAB 

//ET2AEB 

//ET2AOB 

//ET2BAB 

//ET2BEB 

//ET2BOB 


//CDCAMB 

//CDCBMB 

//CSW1PB 

//CSW2PB 

//CSW3PB 

//CSW4PB 

//CSW5PB 

//E1ASOB 

//E1BSOB 

//EDC1AB 

//EDECAB 

//EDECBB 

//EKG1AB 

//EKG1BB 

//EP1AHB 

//EP1ASB 

//EP1BSB 

//EP1BHB 

//ET1AAB 

//ET1AEB 

//ET1AOB 

//ET1BOB 

//ET1BAB 

//ET1BEB 


fprintf(dataFiIe,"%d,",State_ACJEAB);  //ACJEAB 

fprintf(dataFile,”%d,",State_ACJEBB);  //ACJEBB 

fpri  ntf(dataFi  le, "  %d ,  ",S  tate_ACTE  AB);  //ACTEAB 

fprintf(dataFile,"%d,",State_ACTEBB);  //ACTEBB 

fpri  ntf(dataFile, "  %d , "  ,S  tate_AGG  AEB) ;  //AGGAEB 

fprintf(dataFile,"%d,",State_AGGBEB);  //AGGBEB 

fprintf(dataFi  le,  ”  %d ,  ",State_AS  JEAB);  //ASJEAB 
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fprintf(dataFile,"%d,",State_ASJEBB);  //ASJEBB 

fprintf(dataFile,"%d,",State_AVVEAB);  //AVVEAB 

fprintf(dataFile,"%d,",State_AVVEBB);  //AVVEBB 

// 

//  Electrical  Power  Subsystem  -  Discretes 
// 


fprintf(dataFile,"%d,",State_EAACMB); 

fprintf(dataFile,"%d,",State_EADBYB); 

fprintf(dataFile,"%d,",State_EASBPB); 

fprintf(dataFile,"%d,",State_EASBRB); 

fprintf(dataFile,"%d,",State_EBACMB); 

fprintf(dataFile,"%d,",State_EBAHEB); 

fprintf(dataFile,"%d,",State_EBAKlB); 

fprintf(dataFile,"%d,",State_EBAK2B); 

fprintf(dataFile,"%d,",State_EBAK3B); 

fprintf(dataFile,"%d,",State_EBARDB); 

fprintf(dataFile,"%d,",State_EBARTB); 

fprintf(dataFile,"%d,",State_EBBHEB); 

fprintf(dataFiIe,"%d,",State_EBBKlB); 

fprintf(dataFiie,"%d,",State_EBBK2B); 

fprintf(dataFiIe,"%d,",State_EBBK3B); 

fprintf(dataFile,"%d,",State_EBBRDB); 

fprintf(dataFile,"%d,",State_EBBRTB); 

fprintf(dataFile,"%d,",State_EBCHEB); 

fprintf(dataFile,"%d,",State_EBCKlB); 

fprintf(dataFile,"%d,",State_EBCK2B); 

fprintf(dataFiIe,"%d,",State_EBCK3B); 

fprintf(dataFile,"%d,",State_EBCRDB); 

fprintf(dataFile,"%d,",State_EBCRTB); 

fprintf(dataFiIe,"%d,",State_EBDBYB); 

fprintf(dataFile,"%d,",State_EBVLSB); 

fprintf(dataFile,"%d,",State_ECACMB); 

fprintf(dataFile,"%d,",State_ECDBYB); 

fprintf(dataFile,"%d,",State_EDUVSB); 

fprintf(dataFile,"%d,",State_ESPlPB); 

fprintf(dataFile,"%d,",State_ESPlRB); 

fpri  n  tf(d  ataFi  le , "  %d ,  ",State_ESP2PB ) ; 

fprintf(dataFile,"%d,",State_ESP2RB); 

fprintf(dataFile,"%d,",State_ESP3PB); 

fprintf(dataFile,"%d,",State_ESP3RB); 

fprintf(dataFile,"%d,",State_ESP4PB); 

fprintf(dataFile,"%d,",State_ESP4RB); 


//EAACMB 

//EADBYB 

//EASBPB 

//EASBRB 

//EBACMB 

//EBAHEB 

//EBAK1B 

//EBAK2B 

//EBAK3B 

//EBARDB 

//EBARTB 

//EBBHEB 

//EBBK1B 

//EBBK2B 

//EBBK3B 

//EBBRDB 

//EBBRTB 

//EBCHEB 

//EBCK1B 

//EBCK2B 

//EBCK3B 

//EBCRDB 

//EBCRTB 

//EBDBYB 

//EBVLSB 

//ECACMB 

//ECDBYB 

//EDUVSB 

//ESP1PB 

//ESP1RB 

//ESP2PB 

//ESP2RB 

//ESP3PB 

//ESP3RB 

//ESP4PB 

//ESP4RB 
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//  **  End  of  simulated  satellite  data  ** 


//  **  Begin  Satellite  Controller  Performance  Measures  ** 

// 

fprintf(dataFile,"%d,",dcCursorX);  //cursor  coordinate 

fprintf(dataFile,"%d\n",dcCursorY);  //cursor  coordinate 

// 

//  Note  the  existence  of  the  W  in  the  format  statement  follwing 

//  following  the  last  ’fprint  in  this  list’.  For  appropriate  formatting,  it 

//  is  necesary  for  the  last  fprint  to  have  a  ’\n'  as 
//  shown.  If  additional  variables  are  added  to  the  list, 

//  maintain  the  standard  of  having  the  last  collected 
//  variable,  insert  a  V  as  part  of  the  format. 

//  Button  pressed  (included  mouse  click  and  actions  caused  by  voice  command)-  TBD 
//  Voice  Recognition  Beginning  Point  (a  flag?)  -  TBD 
//  Phrase  Recognized  (Can  we  capture  the  phrase  that  the  speech  recognizer 
//  decided  the  controller  said?)  -  TBD 
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VIII.  User  Modifications 


Screen  Layouts 

Previous  chapters  have  dealt  with  the  Altia  displays,  which  consist  of  pass  plans,  electrical  flow 
diagrams,  and  communication  system  flows.  This  chapter  deals  with  the  rest  of  the  desktop  real 
estate  which  is  used  by  the  Space  Operation  simulation. 

All  the  displays  which  are  not  Altia  derived,  were  created  using  the  MS  compiler.  To  modify  the 
displays,  the  compiler  is  required  as  well.  All  three  executables  used  with  the  Space  Operations 
simulation  (TimeClient.exe,  SpaceOps.exe,  and  TimeServer.exe)  are  using  desk  top  real  estate, 
and  have  displays  that  can  be  changed.  If  the  user  should  so  desire  it,  the  following  procedure 
will  help. 

To  change  the  experimenter  station  desktop  display,  activate  the  MS  VC++  compiler  by  double 
clicking  on  the  SpaceOps.dsw  icon.  This  will  activate  the  MS  compiler,  and  load  the  source 
code.  In  the  middle  left  of  the  view,  there  three  or  four  ‘view’  tabs  that  can  be  used  to  select  the 
class  view,  resource  view,  or  file  view.  If  not  already  selected,  select  the  resource  view  by 
clicking  with  the  mouse.  Expand  the  SpaceOps  resource  folder,  and  expand  the  dialog  folder 
that  shows  up.  The  desktop  displays  are  shown  as  files  in  the  expansion.  Double  clicking  on  a 
file  will  cause  the  resource  to  show  up  in  the  editing  window.  To  change  the  look  and  feel  of  the 
desktop  displays,  use  the  mouse  to  select  and  manipulate  the  display. 


Adding  Additional  Voice  Commands 

To  add  additional  commands  to  the  system,  you  need  to  modify  the  header  file  ‘commands.h’. 
The  syntax  is  complicated,  so  it  is  recommended  that  if  you  want  to  add  a  string  to  be 
recognized,  it  is  best  to  copy  an  existing  phrase,  and  change  the  text  inside  the  quotes.  The  first 
argument  to  the  m_VMenu.Add  Dragon  API,  is  a  constant  that  is  unique  to  the  phrase  being 
recognized.  It  needs  to  be  created  and  added  to  ‘voicedefme.h.  Change  the  text  (inside  the 
double  quotes  in  the  second  argument)  to  the  required  phrase.  Having  done  made  these  changes, 
it  is  also  necessary  to  add  an  additional  case  statement  in  messagemap.cpp.  This  is  best  done  by 
copying  anexisting  case,  and  making  the  relevant  changes.  After  the  changes  are  made,  it  will  be 
necessary  to  compile  and  link  the  TimeClient  executable. 
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Experimenter  Workstation  Description 


This  document  describes  the  experimenter  workstation  in  the  satellite  control  test  bed 
developed  by  Monterey  Technologies,  Inc.  (MTI). 

Figure  1  shows  the  display  on  the  experimenter’s  workstation. 
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Figure  1.  Experimenter  Workstation  With  No  Continuous  or  Discrete  Anomalies  Active. 


Description  of  Experimenter  Controls  and  Displays 

The  experimenter  controls  are  organized  into  functional  groups.  These  areas  are 
described  here.  The  descriptions  begin  with  the  upper  left  part  of  the  screen  and  proceed 
in  a  clockwise  direction. 

Simulation  Control. 
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The  simulation  control  functions  are  in  the  upper  left  portion  of  the  screen.  The  functions 
available  are  START,  RESUME,  PAUSE,  and  STOP,  The  functions  that  are  not 
available  in  the  current  state  of  the  simulation  are  “grayed  out”.  For  example,  in  Figure  1 
the  simulation  is  not  running.  Therefore,  RESUME,  PAUSE,  and  STOP  are  not 
available.  When  the  simulation  is  running,  these  functions  become  available. 

Comms. 

The  COMMS  box  has  an  indication  of  the  Ethernet  communications  in  the  simulation. 
This  box  contains  a  green  field  when  the  Ethernet  communications  are  operating,  and  a 
red  field  when  they  are  not  operating.  This  indicator  is  only  present  when  a  simulation  is 
running. 

Data. 

The  DATA  field  contains  a  green  field  when  data  is  being  collected  and  a  red  field  when 
data  is  not  being  collected.  This  indicator  is  only  present  when  a  simulation  is  running. 

Status. 

TBD 

Experiment  Time. 

This  field  displays  the  time  being  used  by  the  simulation.  This  time  is  in  Coordinated 
Universal  Time  (UTC,  aka  Zulu  time  or  Greenwich  Mean  Time  [GMT]).  This  is  set  by 
the  experimenter  for  each  simulation  session.  This  allows  the  use  of  tasks  that  must  be 
performed  at  specific  times.  Firing  of  thrusters  to  make  adjustments  to  the  orbit  or 
orientation  of  the  satellite  is  an  example  of  such  a  task. 

Experimenter  Actions. 

The  EXPERIMENTER  ACTIONS  area  is  used  by  the  controller  to  select  and  deselect 
anomalies.  This  process  is  discussed  in  greater  detail  below. 

Scratch  Pad. 

The  SCRATCH  PAD  area  allows  the  experimenter  to  type  in  comments.  In  order  to  type 
in  text  the  experimenter  must  first  make  the  field  active  by  putting  the  cursor  in  the  field. 
This  can  be  done  by  pressing  on  the  field  (touch  screen)  or  by  placing  the  cursor  in  the 
field  and  clicking  (mouse).  These  comments  are  added  to  the  data  file  being  created  for 
that  simulation  session.  The  time  code  on  the  text  is  based  on  the  time  where  the 
experimenter  presses,  or  clicks  on,  the  “Push  To  Save  Text”  button  located  below  the 
SCRATCH  PAD. 

Event  Mark. 

The  EVENT  MARK  button  appears  in  the  lower  left  and  lower  right  comers  of  the 
display.  The  experimenter  can  press  or  click  on  either  button  to  enter  an  event  marker 
into  the  data  file.  The  event  markers  are  integers.  The  event  markers  are  placed  in  the 
data  file  along  with  the  other  data  collected  during  that  frame. 
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Immediately  above  each  EVENT  MARK  button  is  a  window  that  displays  the  number  of 
the  last  marker  entered.  For  example,  before  any  event  markers  have  been  entered  this 
box  will  show  0  (zero).  The  first  time  the  experimenter  presses  the  EVENT  MARK 
button  the  number  increments  so  a  1  (one)  is  displayed. 

Event  markers  are  used  to  make  it  easy  for  the  experimenter  to  find  portions  of  the  data 
file  of  interest. 

Help. 

No  on-line  help  has  been  implemented  in  the  test  bed. 

Video  Recording. 

This  filed  is  not  used  in  the  current  system.  It  was  placed  in  the  experimenter  display  to 
allow  for  future  expansion  of  the  system. 

Data  Collection  Rate. 

This  filed  is  used  to  select  the  rate  of  data  collection.  Five  rates  are  currently  available; 
0.2,  0.5, 1 .0, 4,  and  10  Hz.  These  correspond  to  5  sec,  2  sec,  1  sec,  250  msec,  and  100 
msec  between  data  samples.  The  experimenter  selects  the  data  collection  rate  that  best 
suits  the  need  for  temporal  resolution  and  minimizes  the  size  of  the  resulting  data  file. 

Note  that  this  is  selected  prior  to  the  start  of  a  simulation  session,  and  may  not  be  reset 
during  a  session. 

Data  Collection. 

This  control  is  used  to  turn  data  collection  on  and  off.  In  the  off  position  no  data  file  is 
created.  In  the  on  position  a  data  file  is  created  for  that  session. 

Data  Collection  File  Name. 

The  experimenter  may  enter  a  unique  file  name  in  this  field.  If  the  default  name  is  not 
changed,  then  the  experimenter  would  need  to  rename  the  file  after  the  session  in  order  to 
avoid  having  the  file  over-written  during  a  subsequent  session. 

Initial  Configuration. 

This  filed  is  used  by  the  experimenter  to  select  among  any  pre-created  scenarios. 

Disk  Space  Remaining. 

This  field  show  the  amount  of  free  disk  space  available  for  data  storage.  The 
experimenter  can  use  this  information  to  determine  if  sufficient  space  is  available  to  store 
the  data  that  will  be  generated  during  a  session.  If  insufficient  space  is  available,  then  the 
experimenter  needs  to  free  up  disk  space  before  collecting  data. 

Anomalies  Selected. 

The  ANOMALIES  SELECTED  filed  displays  the  anomalies  that  are  currently  active,  and 
the  level  of  those  anomalies.  This  is  a  display  only  field;  the  experimenter  cannot 
manipulate  this  information  directly. 
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Selecting,  Activating,  And  Deactivating  Anomalies 

The  experimenter  uses  the  EXPERIMENTER  ACTIONS  field  to  select  and  deselect 
anomalies.  All  of  the  continuous  and  discontinuous  variables  being  simulated  have 
anomalies  available. 

Continuous  Variables. 

For  continuous  variables,  the  experimenter  may  select  one  of  four  anomaly  levels.  These 
levels  are: 

Caution  -  Low, 

Warning  -  Low, 

Warning -High,  and 
Caution  -  High. 

Here,  “Low”  indicates  that  the  value  is  less  than  the  lower  boundary  of  the  nominal  range 
and  High  ’  is  greater  than  the  upper  boundary  of  the  nominal  range.  Warnings  are  in  the 
yellow  range  and  Cautions  are  in  the  red  range. 

Selecting  And  Activating  An  Anomaly  On  A  Continuous  Variable 
In  order  to  select  an  anomaly  the  experimenter  must  select  the  variable  and  the  level  of 
the  anomaly.  As  an  example,  suppose  that  the  experimenter  would  like  the  value  of 
CCT1  AW  to  be  in  the  Warning  -  Low  range.  This  process  is  described  here  in  a  step  by 
step  manner. 

First,  the  experimenter  needs  to  locate  the  variable.  CCT1  AW  is  in  the  Link  1 
subsystem.  (Four  subsystems  of  the  DSP  satellite  are  simulated.  These  subsystems  are 
Link  1 ,  Link  2,  Propulsion,  and  Electrical.)  The  variable  is  selected  by  scrolling  down 
the  EXPERIMENTER  ACTIONS  field  until  the  variable  is  in  the  display.  Figure  2 
shows  the  display  after  the  experimenter  has  scrolled  down  until  CCT1  AW  is  in  the 
display 
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Figure  2.  Experimenter  Workstation  Showing  The  Desired  Continuous  Variable  In  The 
Experimenter  Actions  Field. 


Once  the  desired  variable  is  in  the  display,  the  experimenter  clicks  on  the  name.  Clicking 
on  the  variable  name  will  cause  a  pop  up  window  to  be  displayed.  Figure  3  shows  the 
pop  up  window 
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The  experimenter  than  selects  the  type  of  anomaly  by  clicking  on  the  desired  level.  In 
this  example,  the  experimenter  wishes  to  have  a  Warning-Low  anomaly  so  she  clicks  on 
the  Low  Yellow  button.  This  is  shown  in  Figure  4. 


A6-9 

'449 


Monterey  Technologies.  Inc. 


Final  Report  Contract  No.  F33615-00-C-6006 


Advanced  Interfaces  for  Satellite  Operations 


The  experimenter  activates  the  anomaly  by  clicking  on  the  OK  button  in  the  pop  up 
window.  The  experimenter  could  cancel  the  action  by  pressing  the  CANCEL  button. 
This  would  cause  the  pop  up  window  to  be  removed  from  the  display  and  the  anomaly 
would  NOT  be  made  active  or  changed. 

When  the  experimenter  clicks  OK,  the  pop  up  window  is  removed  from  the  display  and 
the  name  of  the  variable  containing  the  anomaly  appears  in  the  ANOMALIES 
SELECTED  window.  Figure  5  shows  the  display  with  the  anomaly  active. 
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Figure  5.  The  Experimenter’s  Display  After  Activating  An  Anomaly  On  A  Continuous  Variable. 


When  one  or  more  anomalies  are  selected,  the  state  of  health  indicator  on  the  controllers 
display  will  reflect  the  fact. 


Deactivating  An  Anomaly  On  A  Continuous  Variable. 

The  process  of  removing  an  anomaly  is  identical  to  the  process  for  activating  an  anomaly. 

First,  the  controller  scrolls  down  in  the  EXPERIMENTER  ACTIONS  field  until  the 
variable  is  displayed.  The  display  shown  in  Figure  5  shows  an  active  anomaly  for 
CCT1  AW,  and  the  variable  name  being  displayed. 

The  controller  then  clicks  on  the  variable  name  in  the  EXPERIMENTER  ACTIONS 
field.  A  pop  up  window  will  then  be  displayed.  The  experimenter  then  clicks  on 
“Nominal”.  This  is  shown  in  Figure  6. 
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Figure  6.  Deactivating  An  Anomaly  On  A  Continuous  Variable. 


The  controller  then  clicks  on  the  OK  button  to  remove  the  anomaly.  (The  controller 
could  also  cancel  the  action  by  clicking  the  Cancel  button  at  this  time.)  Once  the 
controller  clicks  on  the  OK  button,  the  pop  up  window  is  removed  from  the  display  and 
the  variable  is  removed  from  the  list  in  the  ANOMALIES  SELECTED  window.  Figure  7 
shows  the  display  with  the  anomaly  removed. 
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Figure  7.  The  Experimenter’s  Display  After  Deactivating  An  Anomaly. 


If  the  anomaly  removed  was  the  only  anomaly  active,  or  if  the  anomaly  removed  is  the 
only  one  in  the  warning  or  caution  range,  then  the  state  of  health  display  on  the 
controller’s  workstation  will  be  updated. 

Discrete  Variables. 

The  process  of  selecting  and  activating  an  anomaly  for  a  discrete  variable  is  almost 
identical  to  that  used  for  selecting  anomalies  for  continuous  variables.  The  changes  are 
(1)  there  are  no  levels  of  the  anomaly  to  be  selected  from  in  the  pop-up  window,  and  (2) 
selection  of  an  anomaly  does  not  alter  the  controller’s  state  of  health  display.  It  is  worth 
noting  that  the  effect  of  an  anomaly  on  a  discrete  variable 

Selecting  and  Activating  An  Anomaly  On  A  Discrete  Variable. 

Consider  a  case  where  the  experimenter  wishes  to  create  an  anomaly  for  the  discrete 
variable  C2ASPB.  This  variable  is  in  the  Link  2  Communications  subsystem. 

First,  the  experimenter  scrolls  through  the  variable  list  in  the  Experimenter  Actions 
window  until  the  desired  variable  is  visible.  Figure  8  shows  the  window  when  C2ASPB 
is  displayed. 
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Figure  8.  The  Experimenter’s  Display  Showing  The  Discrete  Variable  That  Is  To  Have  An  Anomaly 
(C2ASPB). 


When  the  desired  variable  is  located,  right  click  on  the  variable  name.  When  the 
experimenter  clicks  on  the  variable  name  a  pop-up  window  will  be  displayed.  Figure  9 
shows  the  display  with  the  pop-up  window. 
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Figure  9.  The  Experimenter’s  Display  After  Selecting  A  Discrete  Variable  For  An  Anomaly,  But 
Before  Activating  The  Anomaly. 


438  AW 


In  order  to  activate  the  anomaly  click  on. the  “OK”  button  in  the  pop-up  window.  When 
“OK”  is  clicked  the  pop-up  window  is  removed  from  the  display  and  the  anomaly  is 
listed  in  the  “Anomalies  Selected”  window.  Figure  10  shows  the  display  with  the 
anomaly  selected. 
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Figure  10.  The  Experimenter’s  Display  With  An  Anomaly  On  A  Discrete  Variable  Active. 


Deactivating  An  Anomaly  On  A  Discrete  Variable 

To  deactivate  an  anomaly  on  a  discrete  variable  it  must  be  removed  from  the  Anomalies 
Selected  window.  The  first  step  in  deactivating  an  anomaly  is  to  scroll  the  Experimenter 
Actions  window  until  the  name  of  the  variable  is  visible.  Figure  1 1  shows  the 
experimenter’s  display  with  C2ASPB  visible. 
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Figure  1L  The  Experimenter’s  Display  Showing  The  Variable  To  Have  An  Anomaly  Deactivated  In 
The  “Experimenter  Actions”  Window. 


Once  the  desired  variable  name  is  visible  in  the  Experimenter  Actions  window  click  on  it. 
This  will  bring  up  a  pop-up  window.  Figure  12  shows  the  display  with  the  pop-up 
window  visible. 
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Figure  12.  The  Experimenter’s  Display  Showing  The  Anomaly  Ready  To  Be  Deactivated. 


Click  on  OK  in  the  pop-up  window.  This  will  remove  the  anomaly  from  the  active  list. 
Figure  13  shows  the  experimenter’s  display  with  the  discrete  anomaly  removed. 
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Figure  13.  The  Experimenter’s  Display  After  The  Anomaly  Has  Been  Deactivated. 
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Data  Collection  List 


The  Space  Operations  simulation  will  collect  all  of  the  variable  defined  in  the  file 
DataCollectionList.cpp,  subject  to  the  rules  of  the  C++  language  syntax.  The  path  to  this 
file  is  d:\PostBTKTimeClient\DataCollectionList.cpp.  As  of  this  writing,  a  copy  of 
DataCollectionList.cpp  is  shown  in  Table  1,  below.  If  a  specific  variable  is  not  required 
to  be  in  the  list  of  collected  variables,  it  can  be  commented  out  in  DataCollectionList.cpp. 
If  it  is  commented  out,  after  the  TimeClient  executable  is  recompiled,  that  specific 
variable  will  no  longer  be  collected. 

Data  collection  needs  to  be  manually  turned  on  with  the  experimenters  interface 
(SpaceOps.exe).  Default  is  for  data  collection  to  be  off.  If  so  desired,  tum  data 
collection  on,  select  a  data  rate.  The  default  data  rate  is  1Hz.  Four  other  rates  are 
selectable  by  the  operator,  .5Hz,  .2Hz,  4Hz,  and  10Hz.  The  only  restriction  on  the 
amount  of  data  collected,  is  the  amount  of  disk  space  remaining  on  the  ControlPoint 
computer.  There  are  roughly  360  variables  in  the  default  collection  list.  If  none  are 
commented  out,  and  the  data  rate  is  set  to  the  fastest  rate,  the  data  collection  code  will 
collect  at  the  rate  of  51MB/hour. 


This  file  can  be  edited  using  a  standard  text  editor.  However,  the  file  must  be  a  text  file. 
This  means  that  if  a  word  processing  package  is  used  the  file  must  be  “saved  as”  a  text 
file.  Most,  if  not  all,  word  processors  have  this  capability.  (If  you  save  the  file  in  Word 
format  rather  than  as  a  text  file,  for  example,  data  collection  will  not  operate  properly.) 

This  text  file  contains  the  names  of  all  of  the  variables  that  can  be  collected  during  a  ' 
simulated  support.  Since  not  every  variable  is  of  interest  during  every  experiment,  the 
experimenter  has  the  ability  to  select  the  variables  that  are  collected  from  the  set  of 
possibilities.  Selecting  a  variable  to  be  collected  simply  requires  that  the  variable  not  be 
“commented  out”  in  the  list.  For  example,  if  the  list  was: 

fprintf(dataFile,"%d,",dcMode);  //  start/stop/pause/resume 

fprintf(dataFile,"%d,",dcEventCount);  //  operator  entered 

//fprintf(dataFile,’’%d,",dcAnomalyFlag);  //  operator  entered 

fprintf(dataFile,"%d,",dcAnomalyType);  //  operator  entered 


Variable  A 
Variable  B 
//  Variable  C 
Variable  D 
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Then  variables  dcMode,  dcEventCount,  and  dcAnomalyType  would  be  collected, 
dcAnomalyFlag  would  not  be  collected  as  the  double  slashes  (i.e.,  “//”)  preceding  the 
variable  name  “comment  out”  this  line. 

If  collecting  dcAnomalyFlag  is  desired,  then  simple  delete  the  double  slashes.  The  data 
collection  list  would  then  appear  as: 

fprintf(dataFile,  %d,  , dcMode);  //  start/stop/pause/resume 

fprintf{dataFile,"%d,",dcEventCount);  //  operator  entered 

fprintf(dataFile,"%d,",dcAnomalyFlag);  //  operator  entered 

fprintf(dataFile,"%d,",dcAnomalyType);  //  operator  entered 
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fpri  ntf(dataFi  le,  "%d,  ",Flag_C_plus_  1 50V) ;  //C+1 50V 

fprintf(dataFi  le, "  %d,  ",Flag_C2A_plus_  I V);  //C2A+ 1 V 

fprintf(dataFile,"%d,",Flag_C2A_minus_l  V);  //C2A-1V 
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//  Propulsion  Subsystem  -  FLAGS 
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fprintf(dataFile,"%d,",Flag_ECUSBI);  //ECUSBI 

fprintf(dataFile,"%d,",Flag_ECUSBV);  //ECUSBV 

fprintf(dataFi  Ie, "  %d,  ",Flag_EED  1 A  V);  ‘  //EED1AV 


Monterey  Technoogies,  Inc.  Final  Report  Contract  No.  F33615-00-C-6006  Advanced  Interfaces  for  Satellite  Operations 


^  ^  H  ' 1  I  >”  r  i_i  w  [—  [ — ■  M  •  [ — '  [ —  l — '  l— l  r r . 

PQ  <  03  —  rJ  —  CN  —  M<n<<DaDaUUCDfflQuj|Brn  -  rM  —  pa  H  H  Qi 
r^^<<WfflUUwft,cQcQcocQcQffiQSmwjCLUUZjtnS< 
QQQcflPQCQfflCDfflfflJwwtfltflwwwMWMwwDDDUwcoO 

W  PQ  PJ  Dm  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  (/}  Oh  Oh 


^  ^  h“ ’  h  E^»— < 


>>>PPPPPP 

CQ<0Q'-fS  —  <N  —  <N 


r  ^  l  ✓ — s  ' — s 

>  >  e  t  h 


oq^oq^^j  —  c^  —  cj<^<<oaa3UUoababbQCQm'-^~S 
QQQfflOHOfflfflWPDiJwwMwwwwwwwwwDDDU 

OJ  OJ  OJ  Oh  Oh  Oh  Oh  Oh  Oh  Oh  CU  Oh  Oh  Ou  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  ^0 

mwmwwwwwuwwuwtuwwuwwuwwuwwutu 

blbQblbot>otJ)bl)bDblbObi!)bhb}>tditd)tJ)bi>td)td)td)id!)bleJ!)t>hbQblb}) 

^dcdcd^cdAd(dcdc3(QdcdcdcQdc3c3^ddAcdddc3 

EEu-u.UHtuii.uuu.tup_u-pLtLti-i±.EEEEEEEEEEE 


X  h 
H  H 
—  <N  5 
m  n  P; 
Ou  Oh  O 
W  M  J 

uu» 

fcjj  bii  edi 

d  d  d 

U-  U-  Uh 


T3'0T3T3TJTDT3’0'O"0TD"0'D-0T3T3'OX>'aT3T3T3-a-0TDT5t3X3T3'0 
U  U  U  O  U  U  (U  U  U  D  5)  u  o  u  u  O*  1)  o*  o  u  u  o"  o'  u  u  u  u  u  o"  u 

E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E  E 

*4  «  ^  n  *ri  rri  tnl  f*i  <*i  *3  *4  trl  ^  ^  ^  ^  h  ^ 

4«4  4-J  4_>  4->  W  4->  4-^  4— >  4^  4— >  4— i  +-ft  4— >  4— >  4W  -W  4J  ^  *3  4^4 

dddddddddddddddddddddddddddddd 

'OT3T3T)’O'0T3’OT3T3T3'O'U'O’TDT3TJ’U'aT3,ntD,U'TD'n’O,lD'OT3T3 


c  .e  c  c  a  c  .c  c  c  c  c  .c  #c  c  c  c  _n  c  c  c  c  cccccccc 

Uh  Uh  UhUhUhUhUhUhUhUh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh  Uh 

O  O  O  O  Oh  Oi  O  O  O  Oh  O  O  O  Cl  O  O  O  O  O  O  O  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh  Oh 


472 


fprintf(dataFile,"%d,",Flag_SPXCPT);  //SPXCPT 
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//  variable,  insert  a  An  as  part  of  the  format. 

//  Button  pressed  (included  mouse  click  and  actions  caused  by  voice  command)-  TBD 

//  Voice  Recognition  Beginning  Point  (a  flag?)  -  TBD 

//  Phrase  Recognized  (Can  we  capture  the  phrase  that  the  speech  recognizer 
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ABSTRACT 


In  order  to  demonstrate  the  test  bed’s  capabilities  as  a  human-system  interface  (HSI)  research 
tool,  an  experienced  satellite  controller  performed  seven  support  scenarios.  Each  scenario  was 
performed  in  two  conditions:  “baseline”  and  “enhanced.”  The  HSI  features  available  to  the 
controller  differed  between  these  conditions.  Objective  measures  of  overall  effectiveness  were 
computed  from  the  data  collected  during  these  simulations.  Following  completion  of  all 
scenarios,  subjective  ratings  and  comments  were  obtained  from  the  controller.  The  results  and 
ratings  suggest  that  the  enhanced  HSI  was  a  marked  improvement  over  the  baseline  HSI.  More 
importantly,  this  effort  demonstrates  that  the  test  bed  is  fully  capable  of  supporting  HSI  research 
in  the  satellite  control  setting. 
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Data  Collection  Using  the  Satellite  Operator  Testbed 


Introduction 

The  ability  of  satellite  controllers  to  quickly  and  accurately  perform  a  satellite  support  is,  in  part, 
a  function  of  the  quality  of  the  human-system  interface  (HSI)  of  that  workstation.  Many 
operational  workstations  are  designed  so  that  multiple  operators  are  required.  In  these 
workstations,  the  personnel  check  and  double-check  each  other’s  entries.  The  purpose  of  all  this 
checking  is  to  insure  that  the  satellite  is  not  damaged  by  erroneous  commands.  This  approach 
has  been  with  us  since  the  beginning  of  the  space  age.  The  problems  with  this  type  of  HSI 
include: 

•  High  number  of  staff  required 

•  High  initial  training  cost 

•  High  recurrent  training  cost 

It  is  unlikely  that  the  Air  Force,  who  fly  most  of  the  satellites,  can  continue  to  invest  in  the 
personnel  costs  that  are  required  to  support  this  operational  approach.  Scare  resources  would  be 
better  spent  in  other  ways,  many  believe.  Therefore,  means  to  reduce  the  costs  of  supporting 
satellites  need  to  be  explored. 

The  Center  for  Research  Support  (CERES)  at  the  Air  Force’s  National  Research  Center  at 
Schriever  AFB,  CO  and  the  Air  Force  Research  Laboratory  (AFRL)  at  Wright-Patterson  AFB 
are  two  organizations  that  have  identified  the  HSI  as  being  an  impediment  to  reducing  the 
training  and  other  personnel  costs.  CERES  has  played  a  large  role  in  developing  a  controller 
workstation  that  allows  a  single  controller  to  perform  a  satellite  support.  The  HSI  at  CERES  is 
the  COTS  Based  Real  Time  Architecture  (COBRA).  This  HSI  features  a  windows,  mouse, 
pointer  interface  similar  to  those  used  on  commercial  workstations.  The  controllers  execute  pass 
plans  that  contain  only  validated  commands.  These  pass  plans  are  selected  by  the  satellite 
engineers  based  on  their  analysis  of  telemetry.  In  some  cases,  the  controllers  select  and  execute 
pass  plans  based  on  the  state  of  the  satellite.  For  example,  if  a  pressure  is  nearing  a  lower  limit, 
the  controller  has  the  latitude  to  execute  the  pass  plan  for  increasing  the  pressure  without 
obtaining  authorization. 

The  COBRA  HSI  and  the  operational  philosophy  in  place  at  CERES  allow  a  single  controller  to 
perform  the  vast  majority  of  supports.  Rarely  another  person  is  required.  On  those  occasions, 
the  second  person  at  the  console  is  often  not  a  controller,  but  instead  a  satellite  engineer  or  orbit 
analyst  who  provides  special  expertise. 

AFRL  has  also  identified  the  HSI  used  to  control  a  satellite  as  being  an  area  where  improvements 
are  warranted.  AFRL’s  interests  include  the  development  of  HSIs  that  support  tasks  not  yet 
being  performed  with  operational  satellites.  On-orbit  servicing  is  one  such  task.  They  also  are 
interested  in  the  ability  of  a  HSI  to  support  tasks  that  require  increased  tasking  flexibility  for 
satellites.  This  concept  ranges  from  changing  the  target  area  being  viewed  by  the  satellite’s 
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sensors,  to  being  able  to  restore  operational  capability  of  a  satellite  quickly  after  the  satellite  has 
been  attacked.  In  the  later  case,  the  satellite  controller’s  detection  of  anomalies  may  be  the  first 
indication  of  an  attack  on  that  satellite. 

In  this  program,  Monterey  Technologies,  Inc.  (MTI)  was  tasked  to  develop  a  test  bed  in  which 
new  HSI  concepts  could  be  evaluated.  This  work,  which  was  funded  as  part  of  the  Small 
Business  Innovation  Research  (SBIR)  Program,  lead  to  the  development  of  a  multi-modal  HSI 
and  a  test  bed  in  which  this  HSI  and  other  HSI  concepts  could  be  evaluated.  The  HSI  developed 
by  MTI  uses  the  COBRA  HSI  as  a  baseline.  This  report  describes  a  data  collection  exercise  in 
which  a  single  controller  performed  a  series  of  scenarios  using  two  levels  of  the  multi-modal 
HSI.  These  levels  differed  in  terms  of  the  features  available  for  use  by  the  controller.  The 
primary  objective  of  this  effort  was  to  demonstrate  the  suitability  of  the  test  bed  as  a  research 
setting.  A  secondary  objective  was  to  gather  objective  information  on  the  effectiveness  of  MTI’s 
HSI  concept. 


Method 

Conditions 


Two  HSI  conditions  were  evaluated  in  this  study.  We  will  call  these  the  baseline  and  enhanced 
conditions. 

Baseline.  The  baseline  condition  was  modeled  after  the  COBRA  interface  in  use  at  CERES. 

This  interface  requires  the  controller  to  scan  pages  of  alphanumeric  data  in  order  to  identify  any 
variables  that  are  outside  their  nominal  range.  Control  actions  are  performed  using  pass  plans. 

The  baseline  system  contained  a  number  of  HSI  features  not  available  in  the  COBRA  system. 
Key  differences  include: 

1 .  Continuous  Monitoring  of  Measurands.  If  all  of  the  measurands  are  within  their  normal 
limits,  a  green  circle  was  displayed  on  the  control  panel.  If  one  or  more  variables  were  outside 
of  the  normal  range,  then  the  green  circle  was  removed  and  a  yellow  square  and/or  a  red  triangle 
was  displayed.  The  yellow  square  indicated  that  one  or  more  variables  were  in  the  warning 
range,  and  the  red  triangle  indicated  that  one  or  more  variables  were  in  the  caution  range. 

2.  Elimination  of  multiple  mouse  clicks.  In  the  COBRA  workstation,  controllers  must  make 
multiple  mouse  clicks  to  perform  each  step  in  a  pass  plan.  In  the  baseline  system  implemented  in 
the  test  bed,  each  step  is  performed  via  a  single  mouse  click. 

3.  Voice  Control.  The  COBRA  interface  has  no  voice  synthesis  or  recognition  capability.  In 
the  baseline  condition  in  this  study,  the  controller  was  required  to  use  the  voice  recognition 
system  to  select  the  pass  plan  to  be  executed  and  to  select  the  data  pages  that  were  displayed. 

Enhanced.  The  enhanced  condition  contained  extensions  to  the  baseline  HSI.  These  additions 
are: 
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] .  Anomalous  Data  Presentation.  The  ability  to  use  the  continuous  monitor  display  to  identify 
and  present  measurands  that  are  outside  their  normal  limits.  The  controller  can  activate  this 
feature  in  one  of  three  ways. 

•  Voice.  The  controller  can  say  “Show  me  all  the  cautions”  to  have  all  of  the  measurands 
in  the  caution  range  displayed.  Similarly,  saying  “Show  me  all  the  warnings”  causes  all 
of  the  measurands  in  the  warning  range  to  be  displayed. 

•  Mouse.  Clicking  the  left  mouse  button  when  the  cursor  is  on  the  red  triangle  will  cause 
all  of  the  measurands  in  the  caution  range  to  be  displayed.  Clicking  when  the  cursor  is  on 
the  yellow  square  causes  all  of  the  measurands  in  the  warning  range  to  be  displayed. 

•  Touch  screen.  Pressing  on  the  red  triangle  or  the  yellow  square  has  the  same  effect  as 
does  clicking  the  mouse  button. 

2.  Subsystem  Diagrams.  The  controller  was  able  to  display  subsystem  diagrams.  These 
diagrams  show  the  controller  the  state  of  all  of  the  controls  and  the  current  values  of  the 
measurands.  The  controller  can  change  the  state  of  any  control  by  pressing  the  corresponding 
button  on  the  touch  screen,  clicking  it  with  the  left  mouse  button,  or  using  an  appropriate  voice 
command. 

3.  Data  Displays.  The  controller  can  have  the  value  of  a  measurand  displayed  using  a  voice 
command.  For  example,  if  the  controller  was  interested  in  the  value  of  C+l  50V,  then  he  could 
say  “Show  me  the  value  of  C+l  50V.”  The  system  would  respond  by  displaying  a  dial  gauge 
showing  C+l  50V.  This  gauge  also  shows  the  nominal,  warning,  and  caution  ranges.  This 
eliminates  the  need  for  the  controller  to  scan  data  pages  to  obtain  the  current  value  of  the 
measurand  of  interest.  The  graphic  display  of  the  value  also  shows  trend  information,  which  is 
difficult  for  humans  to  extract  from  a  purely  digital  display. 

4.  Voice  To  Operate  Satellite  Controls.  In  the  enhanced  condition,  the  controller  is  allowed  to 
utilize  voice  to  operate  the  satellite  ontrols.  For  example,  if  the  controller  wished  to  turn 
transmitter  from  20  to  2.5  watts  he  could  say  something  like  “Set  transmitter  A  to  two  and  a  half 
watts.”  This  feature  can  be  used  in  lieu  of  calling  up  and  performing  a  pass  plan. 

5.  Synthesized  Voice  Feedback.  When  a  controller  uses  voice  to  control  the  satellite,  the  test 
bed  responds  by  confirming  the  change  using  a  synthesized  voice.  To  continue  the  example 
above,  after  the  controller  has  instructed  the  system  to  change  the  power  setting  the  test  bed 
would  say  “Set  to  two  point  five  watts.” 

Subject 

A  former  satellite  controller  with  over  7  years  experience  participated  in  this  research.  The 
controller  was  a  man  37  years  of  age.  The  controller  was  paid  for  his  participation.  This 
controller  was  a  former  employee  of  MTI,  and  had  been  the  principal  investigator  on  this 
program  during  the  Phase  1  effort. 
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Method 


Scenarios.  A  total  of  eight  scenarios  were  implemented  in  the  test  bed  for  this  effort.  These 
scenarios  are  labeled  “Cobra  1”  to  “Cobra  8”.  The  scenarios  were  developed  jointly  by  CERES 
and  AFRL  previously,  and  were  used  here  as  a  means  to  demonstrating  the  capabilities  of  the  test 
bed 

Procedure.  Upon  arrival  at  MTI’s  laboratory  facility  in  Santa  Clara  California,  the  controller  was 
first  given  a  briefing.  This  briefing  described  the  purposes  of  this  effort,  and  informed  of  known 
risks.  The  controller  was  also  advised  that  they  had  the  right  to  terminate  the  experiment  at  any 
time. 

Following  the  briefing,  the  controller  was  given  a  demonstration  of  the  test  bed.  During  this 
demonstration,  the  HSI  features  that  would  be  used  were  pointed  out.  Questions  from  the 
controller  were  solicited  and  answered. 

The  briefing  and  demonstration  required  approximately  one  hour. 

At  this  point,  the  experimenter’s  prepared  the  voice  recognition  system  for  this  “new  user”. 

Once  set  up,  the  controller  “trained”  the  voice  recognition  system.  This  training  consisted  of 
reading  a  variety  of  passages  that  were  displayed  on  the  screen.  We  have  found  that  individual 
training  of  the  voice  system  is  often  necessary  in  order  to  have  an  acceptable  level  of  recognition 
accuracy.  This  training  requires  approximately  one  and  a  half  hours  to  complete. 

After  the  training  of  the  voice  recognition  system  had  been  completed,  the  experimenters 
configured  the  test  bed  for  the  first  condition.  This  required  copying  the  default  states  for  that 
scenario  into  a  file  named  DefaultDataList.h.  This  is  done  at  the  controller’s  workstation.  On 
the  experimenter’s  workstation,  the  experimenters  set  any  anomalies  required  in  that  scenario. 

Once  the  system  was  configured,  the  experimenter  was  given  a  script  to  follow.  This  script 
provided  the  controller  information  about  the  tasks  that  would  be  performed.  This  script 
contained  information  that  a  controller  who  is  fully  certified  to  perform  a  support  on  that  satellite 
would  know.  The  limits  of  measurands  and  the  names  of  pass  plans  are  examples.  The  script 
also  contained  relevant  phrases  that  would  be  recognized  by  the  voice  system.  While  the 
provision  of  a  script  with  this  level  of  detail  is  not  representative  of  the  manner  in  which  a 
controller  would  work  in  an  operational  environment,  it  allowed  us  to  use  an  experienced 
controller  without  the  need  for  extensive  training  on  the  particulars  of  this  satellite.  (This  type  of 
training  often  takes  weeks  of  on-the-job  training  to  accomplish.)  Appendix  1  contains  the  scripts 
for  all  of  the  scenarios  used  here. 

After  becoming  familiar  with  the  script  for  that  scenario,  the  controller  was  allowed  to  walk 
through  that  scenario.  Each  walk  through  was  considered  a  training  run  and  no  data  was 
collected.  In  a  few  instances,  minor  inconsistencies  in  terminology  between  the  pass  plan  and 
data  screens  were  noted.  The  experimenters  provided  guidance  to  the  controller  on  How  to  deal 
with  these  on  a  case-by-case  basis. 
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After  the  walk  through  was  completed,  any  questions  from  the  controller  were  answered.  Then 
the  controller  repeated  the  scenario.  During  this  run,  data  was  collected. 

The  order  of  the  runs  was  as  follows: 

Cobra  1  -  Baseline 
Cobra  1  -  Enhanced 
Cobra  2  -  Baseline 
Cobra  2  -  Enhanced 
Cobra  3  -  Baseline 
Cobra  3  -  Enhanced 
Cobra  4  -  Baseline 
Cobra  4  -  Enhanced 
Cobra  5  -  Baseline 
Cobra  5  -  Enhanced 
Cobra  6  -  Baseline 
Cobra  6  -  Enhanced 
Cobra  8  -  Baseline 
Cobra  8  -  Enhanced 

The  Cobra  7  scenario  was  not  run.  During  the  first  walk  through  an  error  in  implementation  was 
discovered  and  there  was  not  sufficient  time  to  correct  the  error  during  the  time  frame  available. 

Following  completion  of  all  of  the  test  conditions,  the  controller  completed  a  subjective 
questionnaire.  This  was  followed  by  an  open-ended  discussion  of  the  HSI  and  test  bed.  The 
questionnaire  is  shown  is  Appendix  2. 


Results 

As  this  was  intended  to  be  a  demonstration  of  the  test  bed’s  capabilities  and  since  only  one 
subject  participates,  only  descriptive  statistics  for  a  few  important  measures  were  computed. 
These  computations  were  made  to  demonstrate  the  ability  to  import  the  raw  data  files  into  one 
commonly  used  spreadsheet.  The  results  are  presented  below. 

Time  To  Complete  A  Scenario. 


The  amount  of  time  that  a  controller  requires  to  perform  a  scenario  is  one  measure  of  how 
effective  the  HSI  is.  Operationally,  time  to  complete  a  scenario  is  important  for  several  reasons. 
First,  in  the  case  of  one  or  more  satellite  anomalies,  rapid  action  by  the  controller  could  result  in 
the  satellite  being  saved,  or  at  least  reduce  the  possibility  of  further  degradation.  Secondly,  if 
controllers  are  able  to  perform  supports  more  quickly,  the  amount  of  AFSCN  resource  time 
needed  can  be  reduced.  This  would  allow  the  system  to  support  a  greater  number  of  satellites. 

It  is  expected  that  a  better  HSI  will  allow  the  controller  to  complete  a  scenario  more  quickly  than 
is  possible  with  an  inferior  HSI,  all  else  being  equal.  Here,  it  was  expected  that  the  “enhanced” 
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HIS  would  allow  the  controller  to  more  quickly  complete  a  scenario.  This  decrease  in  time  to 
complete  a  scenario  was  expected  occur  because: 

•  The  controller  can  use  voice  commands  and  controls  on  the  system  diagrams  to  directly 
change  settings  on  the  satellite,  eliminating  the  need  to  go  through  a  pass  plan  in  a  step- 
by-step  fashion 

•  The  controller  can  readily  find  the  measurands  that  are  outside  their  normal  range  without 
performing  an  item-by-item  search. 

•  Feedback  on  the  effects  of  actions  taken  is  shown  in  the  pass  plan  (if  one  is  used), 
eliminating  the  need  to  scan  a  page  of  data  to  see  if  a  state  had  changed. 

•  Feedback  on  voice  commands  that  change  the  state  of  a  variable  is  provided  via 
synthesized  voice,  again  eliminating  the  need  for  the  controller  to  visually  scan  a  page  of 
data  to  see  if  the  was  accepted  by  the  system.  This  feedback  is  not  dependent  on  the 
controller’s  use  of  a  pass  plan. 

Figure  1  shows  the  average  time  required  for  the  controller  to  complete  each  scenario. 

Inspection  of  this  figure  shows  that  the  time  to  complete  a  scenario  averaged  approximately  250 
seconds  in  the  baseline  condition  and  just  a  bit  over  100  seconds  in  enhanced  condition.  This 
result  is  in  the  predicted  direction.  The  magnitude  of  the  change  is  striking.  However,  it  may  be 
that  these  scenarios  or  the  performance  of  this  particular  controller  are  not  representative. 
Additional  research  would  be  needed  to  get  a  better  estimate  of  the  potential  time  savings  that 
would  be  realized  by  using  an  improved  HSI. 


Average  Time  To  Perform  Scenario 
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Figure  1.  Average  Time  To  Complete  Scenarios. 
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Average  Number  of  Voice  Events 

None  of  the  currently  operational  satellite  control  systems  that  we  are  aware  of  have  voice 
recognition  capability.  We  expected  that  the  number  of  voice  events  would  be  greater  in  the 
enhanced  condition  would  be  greater  than  in  the  baseline  condition.  Figure  2  shows  the  average 
number  of  voice  events  in  the  baseline  and  enhanced  conditions. 


Average  Number  of  Voice  Events 
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Figure  2.  Average  Number  Of  Voice  Events. 


Looking  at  this  figure,  it  appears  that  there  was  about  one  more  voice  interaction  in  the  baseline 
condition  than  in  the  enhanced  condition.  This  result  was  unexpected.  Closer  examination  of 
the  data  and  the  experimenter  log  sheets  suggests  that  this  result  is  due  to  the  need  of  the 
controller  to  use  the  voice  recognition  system  to  access  data  pages.  These  pages  are  needed  to 
verify  the  effects  of  the  steps  performed  by  the  pass  plan.  If  there  had  been  no  voice  recognition 
system  in  the  baseline  condition,  we  expect  that  the  direction  of  this  difference  would  be 
reversed  as  the  controllers  would  need  to  use  a  mouse  or  touch  screen  to  select  the  pages  for 
display.  Similarly,  the  controllers  used  voice  recognition  system  to  call  up  a  pass  plan.  If  there 
were  no  voice  recognition  system  in  the  baseline  condition,  then  this  would  require  a  mouse  click 
or  touch  screen  press. 

Therefore,  it  seems  that  this  result  is  due  to  the  need  of  the  coiitiulleis  to  use  die  voice 
recognition  system  as  a  substitute  for  actions  that  would  normally  be  done  using  a  mouse  in  the 
baseline  condition.  We  do  not  have  data  available  here  to  determine  whether  or  not  the 
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controllers  would  use  the  mouse  rather  than  voice  to  call  up  data  pages  and  pass  plans,  due  to  the 
way  in  which  the  baseline  system  was  implemented. 

Average  Number  of  Mouse  Clicks  and  Touchscreen  Presses 

It  was  expected  that  controllers  would  require  a  greater  number  of  mouse  clicks  and/or 
touchscreen  presses  in  the  baseline  condition  than  in  the  enhanced  condition.  This  was  expected 
because  the  only  method  to  proceed  through  the  pass  plan  is  to  “click”  on  each  step.  It  is  worth 
noting  that  in  our  implementation  of  the  pass  plans,  we  reduced  the  number  of  “clicks”  required 
at  each  step  from  three  in  the  COBRA  workstation  to  one. 

Figure  3  shows  the  average  number  of  mouse  clicks  and  touchscreen  presses. 


Average  Number  of  Mouse  Clicks  /  Touch  Screen  Presses 
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Examining  this  figure,  it  is  clear  that  in  the  enhanced  condition  the  controller  had  fewer  mouse 
clicks  than  in  the  baseline  condition.  This  result  occurred  even  though  the  controller  had  the 
option  to  perform  pass  plans  in  the  enhanced  condition.  This  suggests  to  us  that  this  controller 
had  a  preference  for  using  voice  commands  when  they  were  available,  as  opposed  to  selecting  a 
process  where  a  great  deal  of  manual  action  was  required.  One  implication  of  this  may  be  that  a 
tonrhsrreen  has  only  a  small  added  value  compared  to  a  voice  interface  for  user  acceptance. 

These  data  may  artificially  inflate  the  number  of  mouse  clicks  used  in  the  enhanced  condition. 

In  the  testbed,  the  voice  recognition  system  only  operates  when  the  main  window  is  in  “focus”. 
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That  is,  if  another  window,  such  as  a  system  diagram,  is  highlighted  then  the  voice  system  will 
not  operate.  The  controller  must  click  inside  the  main  window  whenever  another  window  gains 
focus.  (This  is  an  issue  in  the  Windows  environment.  It  is  very  difficult,  if  not  impossible,  to 
keep  the  focus  on  one  specific  window  while  others  are  being  opened.  We  have  not  developed  a 
solution  for  this  problem  as  yet.) 

Subjective  Ratings 


After  completing  all  of  the  scenarios,  the  controller  was  asked  to  provide  ratings  on  a  7-point 
scale.  On  this  scale  a  value  of  “1”  indicated  that  the  feature  hindered  the  controller’s 
performance,  and  a  value  of  “7”  indicated  that  the  feature  was  extremely  useful.  Because  only 
one  controller  participated  in  this  exercise  no  analyses  were  performed.  The  ratings  are 
presented  here  for  completeness. 

Question  1.  This  question  was  concerned  with  the  continuous  monitor  displaying  the  presence  of 
any  measurands  in  the  caution  or  warning  regions.  (The  continuous  monitor  is  the  display  in  the 
upper  portion  of  the  left  display.  A  yellow  square  indicated  that  one  or  more  measurands  was  in 
the  warning  range,  a  red  triangle  indicated  that  one  or  more  measurands  were  in  the  caution 
range.  The  presence  of  a  green  circle  indicated  that  all  measurands  were  in  the  nominal  range.) 
The  controller  rated  this  feature  a  “7”. 

Question  2.  Ability  to  have  the  system  identify  measurands  in  warning  or  caution  states.  (This 
was  accomplished  by  pressing  on  the  caution  or  warning  indication,  or  stating  “show  me  all  the 
warnings”  or  “show  me  all  the  cautions”  causes  those  measurands  to  be  displayed.)  The 
controller  did  not  provide  a  rating  for  this,  and  indicated  that  he  did  not  recall  using  this  feature. 

Question  3.  Voice  commands  for  calling  up  the  desired  pass  plan.  The  controller  rated  this 
feature  a  “5.” 

Question  4.  Voice  commands  for  commanding  the  satellite  (e.g.,  “turn  the  heater  off’).  The 
controller  rated  this  feature  a  “6.” 

Question  5.  Voice  commands  for  requesting  displays  showing  the  values  of  measurands  in 
warning  or  caution  states  (e.g.,  “Show  me  all  the  cautions”).  The  controller  did  not  provide  a 
rating  for  this  feature  and  indicated  that  when  he  called  up  “all  of  the  cautions”  he  did  it  using 
the  touchscreen. 

Question  6.  Graphical  display  of  the  warning  and  caution  ranges  for  measurands.  (These  ranges 
are  displayed  along  with  a  pointer  showing  the  current  value  of  that  measurand.)  This  feature 
was  rated  a  “7”  by  the  controller. 

Question  7.  Graphical  display  of  the  current  value  of  measurands.  A  “5”  rating  was  given  by  the 
controller  for  this  feature. 

Question  8.  Presentation  of  the  values  or  states  to  be  verified  in  the  pass  plan  (as  opposed  to 
presenting  the  values  only  in  data  pages).  This  feature  was  rated  a  “7.” 
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Question  9.  Touchscreens.  The  controller  rated  the  touchscreens  a  “5.” 

Question  10.  Overall,  the  use  of  speech  commands,  touch  sensitive  screens,  and  graphical 
display  of  information.  The  overall  rating  given  by  this  controller  was  a  “7.” 

After  completing  the  questionnaire,  the  controller  and  the  experimenters  discussed  the  HSI 
features  and  the  testbed.  Below  are  summaries  of  points  made  by  the  controller  during  this 
discussion. 

First,  the  controller  liked  the  system  diagrams  most  of  all  of  the  features.  He  felt  that  this 
presentation  format  offered  a  significant  improvement  over  the  existing  data  pages.  (His  term 
for  the  existing  alphanumeric  pages  was  “phonebook  format.”)  The  diagrams  highlight  the 
interdependence  of  the  measures  in  a  way  that  is  meaningful  to  an  experienced  controller. 

The  controller  went  on  to  say  that  he  felt  uncomfortable  with  the  ability  to  command  a  satellite 
by  simply  touching  a  button  or  making  a  voice  command.  He  felt  that  some  type  of  verification 
or  check  to  insure  that  the  command  was  the  correct  one  would  be  necessary. 

The  voice  and  touch  interfaces  were  very  good.  They  would  be  particularly  useful  when 
attempting  to  identify  and  diagnose  a  problem  with  the  satellite. 

The  voice  command  ‘Tell  me  the  value  of ...”  would  be  very  good.  This  command  would 
respond  by  announcing  the  current  value  of  that  variable.  This  feature,  the  controller  stated, 
“would  be  like  having  a  personal  assistant”.  We  would  like  to  point  out  that  this  command  is 
implemented  in  the  test  bed.  Unfortunately,  because  its  operation  is  unreliable,  we  did  not  allow 
the  controller  to  use  this  HSI  feature  in  these  scenarios.  We  are  currently  working  with  the 
vendor,  Dragon  Systems,  to  develop  a  solution  to  the  reliability  problem. 

The  automatic  sensing  and  displaying  of  out-of-limits  values  was  very  valuable.  He  indicated 
that  as  a  controller,  a  great  deal  of  time  was  spent  scanning  data  trying  to  detect  values  that  are 
out-of-limits.  Further,  the  ability  to  detect  trends  in  a  variable  that  indicates. an  emerging  a 
problem,  or  patterns  of  variables  that  together  indicate  problems  even  though  none  are 
individually  out  of  tolerance  would  be  a  nice  tool  to  have. 

The  controller  indicated  that  a  way  to  get  the  recent  history  of  a  variable  would  be  useful.  This 
would  help  him  identify  trends  that  are  leading  to  an  out-of-tolerance  situation.  It  would  also 
help  him  diagnose  a  problem;  “Did  something  fail  suddenly,  or  did  it  drift  off?”  is  an  important 
question  when  diagnosing  a  problem.  He  indicated  that  in  his  experience  controllers  often  relay 
on  paper  printouts  in  a  binder  to  identify  past  values  of  variables.  This  is  time  consuming,  and 
the  patterns  aren’t  always  obvious  from  looking  at  the  numerical  data.  A  time  history  graph  for 
one  variable  had  bee  implemented  in  the  test  bed  previously.  After  the  controller  made  this 
point,  he  was  asked  to  bring  up  the  graph.  The  controller  indicated  that  this  type  of  graph  would 
be  very  useful  to  him. 
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Conclusion  and  Discussion 

The  principal  goal  of  this  effort  was  to  demonstrate  the  suitability  of  the  test  bed  in  a 
human-system  interface  research  environment.  The  ability  to  present  the  controller  a  set  of 
scenarios  based  on  satellite  control  tasks  of  interest  to  CERES  and  AFRL  was  demonstrated. 
During  this  effort  the  collection  and  analysis  of  performance  data  useful  in  assessing  the 
effectiveness  of  two  different  HSIs  was  also  demonstrated. 

The  HSIs  used  in  this  study  both  incorporate  improvements  over  the  COBRA  interface.  COBRA 
was  selected  as  a  model  for  this  program  because  it  is  the  most  advanced  HSI  being  used  to 
support  actual  satellites  of  which  we  are  aware.  In  this  case,  the  baseline  version  is  more  similar 
to  the  COBRA  HSI  than  is  the  enhanced  HSI.  These  data  do  not  allow  direct  comparison 
between  the  COBRA  system  and  those  tested  here.  However,  it  seems  reason  at.1  to  expect  that 
the  performance  with  COBRA  would  be  inferior  to  these  systems  tested  here,  (li  lor  no  other 
reason  than  three  times  as  many  mouse  clicks  would  be  required,  and  each  mouse  click  requires 
a  small  amount  of  time.  These  times  add  up  and  would  result  in  the  support  taking  a  greater 
amount  of  time.)  The  inference  we  draw  from  this  is  that  improvements  in  the  HSI  used  by 
satellite  controllers  would  result  in  a  decrease  in  the  amount  of  time  required  to  perform 
supports.  This  decrease  would  allow  the  satellite  control  network  to  reduce  the  time  allotted  for 
each  support.  This  would  free  up  these  assets  allowing  either  more  supports  of  the  same  satellite, 
or  support  of  additional  satellites. 

The  difference  in  performance  between  the  baseline  and  enhanced  conditions  in  this  study 

As  a  new  era  in  which  space  based  assets  are  used  in  a  more  active  role  to  support  the 
warfighters,  it  is  likely  that  increased  supports  will  be  required.  During  these  supports,  the 
satellite  will  be  configured  to  best  accomplish  its  tasking.  In  some  cases,  this  may  be  retargeting 
sensors  or  the  points  on  earth  that  are  observed  or  otherwise  serviced  by  that  satellite.  In  other 
cases,  satellites  may  take  other  actions  to  protect  themselves  or  other  assets.  Increasing  the 
ability  of  the  system  to  accommodate  the  additional  supports  will  be  required  by  this  new  way  of 
doing  business.  Improvements  in  the  HSI  can  make  this  happen  without  major  changes  to  the 
rest  of  the  network. 
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Appendix  1  -Scenario  Scripts 
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COBRA  1  -  A  SIDE  POWER  AMPLIFIER  FAILED 
BASELINE 


Anomalies  set  by  the  experimenter 
CPA  JAW -Low  Red 
CPA  JAV  -  Low  Red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  of  the  measurands  are  in  the  normal  range 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CPA1  AW  and  CPAt  AV  as  being  out  of  tolerance  on  the  Communications 
System  page. 

On  the  Communications  Status  page  note  that  EP1 ASB  is  ON  and  EPP1BSB  is  OFF. 

These  failures  indicate  that  the  A-side  power  amp  failed  because  of  an  electrical  malfunction. 

2.  Determine  the  correct  course  of  action. 

In  this  case,  the  controller  should  turn  OFF  the  A-side  power  amp  and  transmitter,  and  then  turn  ON  the 
B-side  power  amp  and  transmitter. 

3.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  power  amp  failure”  or  “Show  me  pass  plan  two” 

At  this  point,  the  anomalies  will  be  removed  by  the  experimenter 

4.  Verify  B-side  transmitter  and  power  amp  are  on.  CPA1BW  and  CPA1BV  should  be  in  the  nominal 
range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 
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COBRA  I  -  A  SIDE  POWER  AMPLIFIER  FAILED 
ENHANCED 


Anomalies  set  by  the  experimenter 
CPA]  AW  -  Low  Red 
CPA1AV -  Low  Red 

1.  Determine  that  there  is  one  or  more  anomalies.  This  is  done  by  scanning  the  upper  portion  of  the  left 
display  to  see  if  there  are  any  cautions  or  warnings. 

“Show  me  the  list  of  Cautions”  or  Touch  the  Red  Triangle 

2.  Inspect  the  two  gauges  that  appear. 

3.  Look  at  the  link  1  subsystem  diagram 
“Show  me  link  1  communications  flow” 

4.  Determine  that  these  failures  indicate  that  the  A-side  power  amp  failed  because  of  an  electrical 
malfunction. 

5.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  power  amp  failure”  or  “Show  me  pass  plan  2” 
or 

“Turn  off  EP1ASB” 

“Turn  Off  ET1AOB” 

“Set  CSW3PB  to  B” 

“Set  CSW4PB  to  20  watts” 

“Set  CSW5PB  to  20  watts” 

“Turn  on  ET1BOB” 

“Turn  on  EP1BSB” 

At  this  point,  the  anomalies  will  be  removed  by  the  experimenter 

6.  Verify  all  anomalies  have  been  removed  from  the  system  by  inspecting  the  status  indicator  bar  on  the 
left  screen.  Only  green  circles  should  be  visible.  The  red  triangle  and  yellow  square  should  not  be 
visible. 
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COBRA  2  -  A  SIDE  TRANSMITTER  FAILURE 
BASELINE 


Anomalies  set  by  the  experimenter 
CCTJAW-LowRed 
CCT1AV -  Low  Red 

CONTROLLER  TASKS 


1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CCT1  AW  and  CCT1 AV  as  being  out  of  tolerance  on  the  Communications 
System  page. 

The  controller  should  identify  CCT1  AW  as  being  out  of  tolerance  on  the  Communications  Status  Page. 
The  controller  should  identify  CCT1  AW  and  CCT1  AV  as  being  out  of  tolerance  on  the  on  the  Bus  page. 

2.  Select  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  two  and  a  half  watt  transmitter  failure”  or  “Show  me  pass 
plan  three” 

3.  Verify  that  ET1 AOB  is  turned  off.  This  is  on  the  communications  status  page. 

4.  Verify  that  CSW3PB  is  now  set  to  the  B  channel.  This  is  on  the  Communication  System  page  or  on 
the  Communications  Status  page. 

At  this  point  the  anomalies  should  be  turned  off  by  the  experimenter. 

5.  Verify  that  ET1BOB  is  now  on.  This  is  on  the  Communications  Status  page. 
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COBRA  2  -  A  SIDE  TRANSMITTER  FAILURE 
ENHANCED 


Anomalies  set  by  the  experimenter 
CCT1AW -  Low  Red 
CCT1AV -  Low  Red 


1.  Determine  that  there  is  one  or  more  anomalies.  This  is  done  by  scanning  the  upper  portion  of  the  left 
display  to  see  if  there  are  any  cautions  or  warnings. 

“Show  me  the  list  of  Cautions”  or  Touch  the  Red  Triangle 

2.  Inspect  the  two  gauges  that  appear. 

3.  Look  at  the  link  1  subsystem  diagram 

“Show  me  link  1  communications  flow” 

4.  Determine  that  these  failures  indicate  that  the  A-side  transmitter  has  failed. 

5.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  two  and  a  half  watt  transmitter  failure”  or  “Show  me  pass 
plan  three” 

or 

“Turn  off  ET1AOB” 

“Set  CSW3PB  to  B” 

“Set  CSW4PB  to  two  and  a  half  watts” 

“Set  CSW5PB  to  two  and  a  half  watts” 

“Turn  on  ET1BOB” 

At  this  point,  the  anomalies  will  be  removed  by  the  experimenter 

6.  Verify  all  anomalies  have  been  removed  from  the  system  by  inspecting  the  status  indicator  bar  on  the 
left  screen.  Only  green  circles  should  be  visible.  The  red  triangle  and  yellow  square  should  not  be 
visible. 
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COBRA  3  -  A  SIDE  TRANSMITTER  FAILURE 
BASELINE 


Anomalies  set  by  the  experimenter 
CCTJAW -  Low  Red 
CCT1A  V  -  Low  Red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CCT1AW  and  CCT1 AV  as  being  out  of  tolerance  on  the  Communications 
System  page. 

The  controller  should  identify  CCT1  AW  as  being  out  of  tolerance  on  the  Communications  Status  Page. 
The  controller  should  identify  CCT1  AW  and  CCT1  AV  as  being  out  of  tolerance  on  the  on  the  Bus  page. 

2.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  twenty  watt  transmitter  failure”  or  “Show  me  pass  plan  four” 

3.  Verify  that  ET1 AOB  is  turned  off.  This  is  on  the  communications  status  page. 

4.  Verify  EP1ASB  is  off.  This  is  on  the  communications  status  page. 

5.  Verify  that  CSW3PB  is  now  set  to  the  B  channel.  This  is  on  the  Communication  System  page  or  on 
the  Communications  Status  page. 

6.  Verify  CSW4PB  is  set  to  20  watts.  This  is  on  the  Communications  System  Configuration  page  or  on 
the  Communications  Status  Page 

7.  .  Verify  CSW5PB  is  set  to  20  watts.  This  is  on  the  Communications  System  Configuration  page  or  on 
the  Communications  Status  Page 

8.  Verify  that  ET1BOB  is  now  on.  This  is  on  the  Communications  Status  page. 

At  this  point  the  anomalies  should  be  turned  off  by  the  experimenter. 


9.  Verify  EP1BSB  is  on.  This  is  on  the  communications  status  page. 
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COBRA  3  -  A  SIDE  TRANSMITTER  FAILURE 
ENHANCED 


Anomalies  set  by  the  experimenter 
CCT JAW-  Low  Red 
CCT1A  V  -  Low  Red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  done  by  scanning  the  upper  portion  of 
the  left  display  to  see  if  there  are  any  cautions  or  warnings. 

“Show  me  the  list  of  Cautions”  or  Touch  the  Red  Triangle 

2.  Inspect  the  two  gauges  that  appear. 

3.  Look  at  the  link  1  subsystem  diagram 
“Show  me  link  1  communications  flow” 

4.  Determine  that  these  failures  indicate  that  the  A-side  transmitter  has  failed. 

5.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  twenty  watt  transmitter  failure”  or  “Show  me  pass  plan  four” 

or 

Make  the  voice  commands 

“Turn  off  ET1AOB” 

“Turn  off  EP1ASB* 

“Set  CSW3PB  to  B” 

“Set  CSW4PB  to  twenty  watts” 

“Set  CSW5PB  to  twenty  watts” 

“Turn  on  ET1BOB” 

“Turn  on  EP1BSB” 

At  this  point  the  experimenter  removes  the  anomalies. 

6.  Verify  all  anomalies  have  been  removed  from  the  system  by  inspecting  the  status  indicator  bar  on  the 
left  screen.  Only  green  circles  should  be  visible.  The  red  triangle  and  yellow  square  should  not  be 
visible. 
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COBRA  4  -  B  SIDE  TRANSMITTER  FAILURE 
BASELINE 

Anomalies  set  by  the  experimenter 
CCT1BW  -  Low  Red 
CCT1BV  -  Low  Red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CCT1BW  as  being  out  of  tolerance  on  the  Communications  System  page. 
The  controller  should  identify  CCT1BW  as  being  out  of  tolerance  on  the  Communications  Status  Page. 
The  controller  should  identify  CCT1BW  and  CCT1BV  as  being  out  of  tolerance  on  the  on  the  Bus  page. 

2.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  a  B  side  transmitter  failure”  or  “Show  me  pass  plan  five” 

3.  Verify  ET1  BOB  is  off.  This  is  on  the  Communications  Status  page. 

4.  Verify  EP1BSB  is  off.  This  is  on  the  Communications  Status  page. 

5.  Verify  CSW3PB  is  set  to  A.  This  is  on  the  Communication  System  Configuration  page 

6.  Verify  CSW4PB  is  set  to  2.5  watts.  This  is  on  the  Communication  System  Configuration  page. 

7.  Verify  CSW5PB  is  set  to  2.5  watts.  This  is  on  the  Communication  System  Configuration  page. 

The  experimenter  removes  all  anomalies  at  this  point. 

8.  Verify  ET1AOB  is  set  to  on.  This  is  on  the  Communications  Status  Page. 
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COBRA  4  -  B  SIDE  TRANSMITTER  FAILURE 
ENHANCED 


Anomalies  set  by  the  experimenter 
CCT1BW  -  Low  Red 
CCT1BV  -  Low  Red 

CONTROLLER  TASKS 

1.  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  done  by  scanning  the  upper  portion  of 
the  left  display  to  see  if  there  are  any  cautions  or  warnings. 

“Show  me  the  list  of  Cautions”  or  Touch  the  Red  Triangle 

2.  Inspect  the  two  gauges  that  appear. 

3.  Look  at  the  link  1  subsystem  diagram 

“Show  me  the  link  1  communications  flow” 

4.  Determine  that  these  failures  indicate  that  the  B-side  transmitter  has  failed. 

5.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  twenty  watt  transmitter  failure”  or  “Show  me  pass  plan  five” 
or 

Make  the  voice  commands 

“Turn  off  ET1BOB” 

“Turn  off  EP1BSB” 

“Set  CSW3PB  to  A” 

“Set  CSW4PB  to  two  and  a  half  watts” 

“Set  CSW5PB  to  two  and  a  half  watts” 

“Turn  on  ET1AOB” 

At  this  point  the  experimenter  removes  the  anomalies. 

6.  Verify  all  anomalies  have  been  removed  from  the  system  by  inspecting  the  status  indicator  bar  on  the 
left  screen.  Only  green  circles  should  be  visible.  The  red  triangle  and  yellow  square  should  not  be 
visible. 
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COBRA  5  -  A  SIDE  DATA  RATE  UNIT  FAILURE 
BASELINE 


Anomalies  set  by  the  experimenter 
CEC5AV  -  Low  Red 

CONTROLLER  TASKS 

1.  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CECA5V  as  being  out  of  tolerance  on  the  Communications  System  page. 
The  controller  should  identify  CECA5V  as  being  out  of  tolerance  on  the  Communications  Status  Page. 
The  controller  should  identify  CECA5V  as  being  out  of  tolerance  on  the  on  the  Bus  page. 

2.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  data  rate  unit  failure”  or  “Show  me  pass  plan  six” 

3.  Verify  EDECAB  is  off  and  that  EDECBB  is  on.  These  are  on  the  Communications  Status  page  and  on 
the  Bus  page. 

The  experimenter  removes  the  anomaly  at  this  point. 

4.  Verify  CECA5V  and  CECB5V  are  nominal.  These  are  on  the  Communications  Status  page  and  on  the 
Bus  page. 
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COBRA  5  -  A  SIDE  DATA  RATE  UNIT  FAILURE 
ENHANCED 


Anomaly  set  by  the  experimenter 
CEC5AV -  Low  Red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  done  by  scanning  the  upper  portion  of 
the  left  display  to  see  if  there  are  any  cautions  or  warnings. 

“Show  me  the  list  of  Cautions”  or  Touch  the  Red  Triangle 

2.  Inspect  the  gauge  that  appears. 

3.  Look  at  the  link  1  subsystem  diagram 
“Show  me  link  1  communications  flow” 

4.  Determine  that  these  failures  indicate  that  the  A-side  data  rate  unit  has  failed. 

5.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  for  an  A  side  data  rate  unit  failure”  or  “Show  me  pass  plan  six” 
or 

Make  the  voice  commands 

“Turn  off  EDECAB” 

“Turn  on  EDECBB” 

At  this  point  the  experimenter  removes  the  anomaly, 

6.  Verify  all  anomalies  have  been  removed  from  the  system  by  inspecting  the  status  indicator  bar  on  the 
left  screen.  Only  green  circles  should  be  visible.  The  red  triangle  and  yellow  square  should  not  be 
visible. 
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COBRA  6  -  CHANGE  THE  DATA  RATE  TO  1 024 
BASELINE 


Anomalies  set  by  the  experimenter 
None 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

2.  Execute  the  appropriate  pass  plan 

“Show  me  the  pass  plan  to  change  the  data  rate  from  two  oh  four  eight  to  one  oh  two  four”  or 
“Show  me  pass  plan  seven” 

3.  Verify  CDCAMB  and  CDCBMB  are  set  to  CLEAR.  These  are  on  the  Communication  System 
Configuration  page  and  on  the  Communications  System  page. 


* 
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COBRA  6  -  CHANGE  THE  DATA  RATE  TO  1024 
ENHANCED 


Anomalies  set  by  the  experimenter 
None 

CONTROLLER  TASKS 

1.  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  done  by  scanning  the  upper  portion  of 
the  left  display  to  see  if  there  are  any  cautions  or  warnings. 

2.  Select  the  appropriate  pass  plan. 

“Show  me  the  pass  plan  to  change  the  data  rate  from  two  oh  four  eight  to  one  oh  two  four5’  or 
“Show  me  pass  plan  seven” 

or 

“set  CDCAMB  to  bypass” 

“set  CDCBMD  to  bypass” 


3.  Verify  CDCAMB  and  CDCBMB  are  set  to  CLEAR.  These  are  on  the  Communication  System 
Configuration  page  and  on  the  Communications  System  page. 
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COBRA  7  -  A  SIDE  CRYPTOGRAPH  FAILURE 
BASELINE 


Anomalies  set  by  the  experimenter 
None 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

2.  Execute  the  pass  plan  to  turn  off  the  A-side  cryptograph  and  turn  on  the  B-side  cryptograph. 

“Show  me  the  pass  plan  for  an  A  side  cryptograph  failure”  or  “Show  me  pass  plan  eight” 

3.  Verify  EKG1 AB  is  off  and  EKG1BB  is  on.  These  are  on  the  Communications  System  Configuration 
page  and  on  the  Bus  page. 
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COBRA  7  -  A  SIDE  CRYPTOGRAPH  FAILURE 
ENHANCED 


Anomalies  set  by  the  experimenter 
None 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  verified  by  looking  at  the  status 
indicators  on  the  left  screen.  There  should  be  a  green  circle,  and  no  yellow  square  or  red  triangle. 
Alternatively,  the  controller  could  inspect  the  measurands. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

2.  Execute  the  pass  plan  to  turn  off  the  A  side  cryptograph  and  turn  on  the  B  side  cryptograph. 

“Show  me  the  pass  plan  for  an  A  side  cryptograph  failure”  or  “Show  me  pass  plan  eight” 

or 

“Turn  off  EKG1AB” 

“Turn  on  EKG1BB” 

3.  Verify  EKG1 AB  is  off  and  EKG1BB  is  on.  These  are  on  the  Communications  System  Configuration 
page  and  on  the  Bus  page. 
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COBRA  8  -  A  SIDE  POWER  AMPLIFIER  OVERHEATING 

BASELINE 


Anomalies  set  by  the  experimenter 
CP  A 1  AT  -  high  red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range. 

“Show  me  the  communications  system  configuration  page” 

“Show  me  the  communications  status  page” 

“Show  me  the  bus  page” 

The  controller  should  identify  CPA  1  AT  as  being  high.  This  is  on  the  Communication  System 
Configuration,  Communications  Status,  and  Bus  pages. 

The  controller  should  also  note  that  EP1 AHB  (the  heater)  is  enabled.  This  is  on  the  Communication 
System  Configuration  and  Communications  Status  pages. 

2.  Execute  the  pass  plan  to  turn  off  the  heater  for  the  power  amplifier. 

“Show  me  the  pass  plan  for  an  A  side  heating  problem”  or  “Show  me  pass  plan  nine.” 

3.  Verify  EP1  AHB  is  disabled.  This  is  on  the  Communication  System  Configuration  and 
Communications  Status  pages. 

The  experimenter  does  NOT  remove  the  anomaly.  The  temperature  will  remain  above  normal  throughout 
this  support  and  will  decrease  slowly.  The  next  support  would  check  the  temperature. 
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COBRA  8  -  A  SIDE  POWER  AMPLIFIER  OVERHEATING 
ENHANCED 


Anomalies  set  by  the  experimenter 
CPA  1AT-  high  red 

CONTROLLER  TASKS 

1 .  Find  out  if  all  the  measurands  are  in  the  normal  range.  This  is  done  by  scanning  the  upper  portion  of 
the  left  display  to  see  if  there  are  any  cautions  or  warnings,  or  by  saying 

“Show  me  the  list  of  cautions”  or  by  touching  the  red  triangle 

2.  Select  the  appropriate  pass  plan. 

“Show  me  the  pass  plan  for  an  A  side  heating  problem”  or  “Show  me  pass  plan  nine” 
or 

“Turn  off  EP1AHB” 

3.  Verify  that  the  heater  has  been  disabled.  This  is  on  the  Communication  System  Configuration  and 
Communications  Status  pages. 

The  experimenter  does  NOT  remove  the  anomaly.  The  temperature  will  remain  above  normal  throughout 
this  support  and  will  decrease  slowly.  The  next  support  would  check  the  temperature. 
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Appendix  2  -  Post  Experiment  Subjective  Rating  Form 
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Interface  Feature  Ratings 


You  have  had  the  opportunity  to  use  a  variety  of  Human-System  Interface  (HSI)  features  while 
performing  simulated  satellite  control  tasks.  Please  indicate  the  usefulness  of  the  following  HSI 
features  by  circling  the  best  response 


1.  Continuous  Monitor  Displaying  The  Presence  Of  Any  Measurands  In  The  Caution  Or 
Warning  Regions.  (This  is  the  display  in  the  upper  portion  of  the  left  display.  A  yellow 
square  indicates  one  or  more  measurands  in  the  warning  range,  a  red  triangle  indicates  one 
or  more  measurands  in  the  caution  range.  The  presence  of  a  green  circle  indicates  all 
measurands  are  in  the  nominal  range.) 

]  — - - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 

My  Performance  Effect  Useful 


2.  Ability  Have  System  Identify  Measurands  In  W  arning  Or  Caution  States.  (Pressing  on 
the  caution  or  warning  indication,  or  stating  “Show  me  all  the  warnings”  or  “Show  me  all 
the  cautions”  causes  those  measurands  to  be  displayed.) 


] - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 


My  Performance  Effect  Useful 


3.  Voice  Commands  For  Calling  Up  The  Desired  Pass  Plan. 


1 - 2 - 

- 3 - 

- 4 - 

- 5 - 

- 6 - 7 

Hindered 

My  Performance 

No 

Effect 

Extremely 

Useful 

4.  Voice  Commands  For  Commanding  The  Satellite,  (e.g.,  “turn  the  heater  off.”) 

Hindered  No  Extremely 

My  Performance  Effect  Useful 
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5.  Voice  Commands  For  Requesting  Displays  Showing  The  Values  Of  Measurands  In 
Warning  Or  Caution  States  (e.g.,  “Show  me  all  the  cautions.”) 

1 - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 

My  Performance  Effect  Useful 


6.  Graphical  Display  Of  The  Warning  and  Caution  Ranges  For  Measurands.  (These 
ranges  are  displayed  along  with  a  pointer  showing  the  current  value  of  that  measurand.) 

1 - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 

My  Performance  Effect  Useful 


7.  Graphical  Display  Of  The  Current  Value  Of  Measurands. 

1 - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 

My  Performance  Effect  Useful 


8.  Presentation  Of  The  Values  Or  States  To  Be  Verified  In  The  Pass  Plan  (As  Opposed  To 
Presenting  The  Values  Only  In  Data  Pages). 


1 - 2 - 3 

Hindered 

- 4 - 

No 

- 5 - 

- 6 - 7 

Extremely 

My  Performance 

Effect 

Useful 

9.  Touchscreens 


1 - 2 - 3 

Hindered 

- 4 - 

No 

- 5 - 

- 6 - 7 

Extremely 

My  Performance 

Effect 

Useful 
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10.  Overall,  the  use  of  speech  commands,  touch  sensitive  screens,  and  graphical  display  of 
information. 

1 - 2 - 3 - 4 - 5 - 6 - 7 

Hindered  No  Extremely 

My  Performance  Effect  Useful 


